Biology of the European corn borer in North Dakota by Frye, Richard Dean
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1970




Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Entomology Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Frye, Richard Dean, "Biology of the European corn borer in North Dakota " (1970). Retrospective Theses and Dissertations. 4226.
https://lib.dr.iastate.edu/rtd/4226
70-25,783 
FRYE, Richard Dean, 1922-
BIOLOGY OF THE EUROPEAN CORN BORER IN 
NORTH DAKOTA. 
Iowa State University, Ph.D., 1970 
Entomology 
University Microfilms, A XERQ\Company, Ann Arbor, Michigan 
THIS DISSERTATION HAS BEEN MICROFILMED EXACTLY AS RECEIVED 
BIOLOGY OF THE EUROPEAN CORN BORER IN NORTH DAKOTA 
by 
Richard Dean Frye 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major Subject: Entomology 
Approved: 
In Charge of Major Work 
Head of Major Department 
De^ of Graduate 
Iowa State University 
Of Science and Technology 
Ames, Iowa 
1970 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
i i 
/ 
TABLE OF CONTENTS 
Page 
INTRODUCTION 1 
REVIEW OF LITERATURE 2 
Distribution of the Corn Borer 2 
Biology of the Corn Borer 2 
Effect of Weather on the Corn Borer 5 
Effect of Agronomic Practices on the Corn Borer 9 
Relationships of the Corn Plant to the Corn Borer 11 
Status of Biological Control 13 
INVESTIGATIONS 17 
Procedure 17 
RESULTS AND DISCUSSION 34 
Census Studies 34 
Seasonal Development 51 
Parasitism 104 
Prédation 106 
SUMMARY AND CONCLUSIONS 122 




LIST OF FIGURES 
Figure - Page 
1 Approximate location of study fields in Cass 20 
County, North Dakota, 1964-1967 
2 Location of sampling areas within each field 22 
3 Location of sampling sites within each field 26 
4 Location of plants within sampling sites 26 
5 Example of a plot-setup for prédation study 29 
6 Approximate locations of collections of corn 31 
borer larvae for Perezia pyraustae determinations, 
1964-1968 
7 Average number of borers per acre, Cass County, 36 
North Dakota, 1964-1967 
8 Relationship of eggs per plant to plant height 6l 
at mid-oviposition, first brood, Cass County, 
North Dakota, I966 and 1967 
9 Relationship of eggs per plant to plant height 64 
and planting date, averaged by coded planting 
date, 1966-1967 
10 Relationship of larvae per plant to first-brood 73 
eggs, averaged by coded planting date, 1966-1967 
11 Relationship of first-brood larvae per plant to 75 
plant hei^t, averaged by coded planting date, 
1966-1967 
12 Relationship of first-brood larvae per plant to 77 
days after first planting, averaged by coded 
planting date, 1966-1967 
13 Relationship of first-brood cavities per plant 79 
to eggs per plant, averaged by coded planting 
date, 1966-1967 
14 Relationship of first-brood cavities per plant 8l 
to plant height, averaged by coded planting date 
1966-1967 
IV 
LIST OF FIGURES 
Figure Page 
15 Relationship of first-brood cavities per plant 83 
to days after first planting, averaged by coded 
planting date, 1966-1967 
16 Relationship between per cent survival of larvae 85 
at time of summer and fall dissections and first-
brood eggs per plant, averaged by coded planting 
date, 1966-1967 
17 Estimated total number of first-brood eggs plotted 90 
against coded planting dates, Cass County, North 
Dakota, 1966-1967 
18 Estimated total number of first-brood cavities 92 
plotted against coded planting dates, Cass County, 
North Dakota, I966-I967 
19 Estimated total number of first-brood larvae plotted 94 
against coded planting dates, Cass County, North 
Dakota, 1966-1967 
20 Estimated total number of cavities, fall dissection, 96 
plotted against coded planting dates, Cass County, 
North Dakota, 1966-1967 
21 Estimated total number of larvae, fall dissection, 98 
plotted against coded planting dates, Cass County, 
North Dakota, 1966-1967 
22 Relationship of the number of bird peck holes in 112 
the spring to the number of corn borer larvae in 
the fall, Northwood, North Dakota, winter of 1968-
1969, original data transformed by the square root 
of X or Y + .5 
23 Day of first pupation (bottom of vertical lines) 119 
and day of approximately 70 per cent pupation (top 
of vertical lines) by corn borer larvae from six 
locations with varying rates of Perezia infection, 
larvae overwintered at Fargo, North Dakota, I968-
1969 
V 
LIST OF TABLES 
Table Page 
1 Corn borer populations at several times yearly, 34 
Cass County, North Dakota, 1964-196? 
2 Limits of population range and average number of 37 
borers per acre in Cass County, North Dakota, 
1964-1967 
3 Spring to summer to fall changes in borer populations 38 
in Cass County, North Dakota, and temperature (T) and 
rainfall (R) data for June, July, and August at Fargo, 
1964-1967 
4 Changes in borer populations in Cass County, North 39 
Dakota, 1964-1967 
5 Degree-day accumulations for first appearance of 42 
the various stages of corn borer development 
6 Comparison of actual dates of first appearance of 43 
corn borer stages to dates as determined by Apple 
(1952) 
7 Fertilizer application and summer corn borer counts 45 
in 20 observation fields, Cass County, North Dakota, 
1964-1967 
8 Previous year's crop in 20 observation fields, Cass 47 
County, North Dakota, 1964-196? 
9 Condition of study fields at time of post-harvest 49 
surveys and survival in borer populations from fall 
to post-harvest, Cass County, North Dakota, 1964-
1967 
10 Pupation and moth erergence, Fargo, Cass County, 54 
North Dakota, 1963-1967 
11 Numbers of mothiî recovered from a light trap, 55 
first and second brood. North Dakota Agricultural 
Experiment Station, Fargo, 1963-1967 
12 Oviposition by corn borer moths, Cass County, 57 
North Dakota, 1966-1967 
13 Fate of eggs, first and second brood, Cass County, 65 
North Dakota, 1966-1967 
vi 
LIST OF TABLES 
Table Page 
14 First-brood and fall infestations and larval 67 
survival, Cass County, North Dakota, 1966-1967 
15 Frequency distribution of first-brood and fall 68 
cavities and larvae, Cass County, North Dakota, 
1966-1967 
16 All fields with acreages and estimated total 88 
first- and second-brood eggs, total cavities 
and larvae at time of first-brood and fall 
dissections, Cass County, North Dakota, 1966-
1967 
17 Comparisons of summer and fall borer populations 
and per cent survival from first-brood eggs to 
time of summer and fall dissection, 38 degrees 
of freedom for "t" tests, Cass County, North 
Dakota, 1966-1967 
18 Analysis of variance, mean number of larvae per 
100 plants, and 95 per cent confidence interval 
of the mean, first-brood and fall larvae, Cass 
County, North Dakota, 1966-1967 
19 Parasites recovered from fall collected corn 
borer larvae. North Dakota, 1963-1969 
20 Invertebrate prédation on the corn borer, Fargo, 
North Dakota, 1964-1967 
21 Average number of predaceous insects per 100 
plants, functional stages, Cass County, North 
Dakota, 1966-1967 
22 Summary of bird prédation on corn borer larvae 110 
at Northwood. North Dakota, inactive borer 
season, 1968-1969 
23 Incidence, rate of infection, and number of corn 115 
borer larvae examined for Perezia pyraustae 
spores. North Dakota, 1964-1969 
24 Comparison of egg production by F; generation 120 
female corn borer moths reared in the laboratory 








Corn is an important source of feed for livestock in North Dakota. 
The European corn borer, Ostrinia nubilalis (Hubner), is a major pest of 
this crop throughout the state. In general, infestations of the borer 
have been severe. For example, loss of grain corn attributed to the corn 
borer in I963 was 1,327,000 bushels valued at $1,300,000 (Frye and 
Brandv ik ,  I967) .  
Considerable information relating variations in environmental factors 
to changes.in borer populations has been accumulated. These data have 
been utilized in planning procedures used to lessen damage caused by the 
pest. Much of the work has been conducted in Iowa, where an ecological 
inves t iga t ion  was in i t ia ted  in  Boone County  dur ing  1950 (Jarv is ,  I96O).  
Little information on the biology and ecology of the corn borer in North 
Dakota has been accumulated prior to the study described here. 
Using the Iowa work as a basis, the biology and factors influencing 
populations of the corn borer in Cass County, North Dakota, were studied 
during 1960 and 190?. Some aspects of the study covered a longer period 
of time. 
The ultimate purpose of this work is to provide knowledge which can 
be utilized in attempts to reduce corn borer damage, and to elucidate 
areas for future study. 
This investigation was conducted in cooperation with North Central 
Cooperative Regional Research Project NC-87, and was supported by Regional 
Research funds and the North Dakota Agricultural Experiment Station. 
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REVIEW OF LITERATURE 
Distribution of the Corn Borer 
Vinal (1917) first found the European corn borer, Ostrinia nubilalis 
(Hbn.), in the United States near Boston, Massachusetts. He suspected 
that the insect entered the country in shipments of broom corn or hemp. 
A second infestation was found in western New York state in 1919 (Caffrey 
and Worthley, 1927). The insect spread slowly into the corn belt and was 
first observed in eastern Iowa in 1942 (Harris and Brindley, 1942). By 
1959, 0. nubilalis was reported in 39 of the 50 states (Anonymous, I960), 
with no further state records reported through I968 (Anonymous, 1969). 
The insect thus far has been reported from at least one county in all 
states east of the Continental Divide, except New Mexico and Florida. 
Although the corn borer was first found in North Dakota during 1946 
in Traill County on the eastern border, it was not reported until 1949 
(Munro and Col berg, 1949). In 1948 it was found about 100 miles westward 
from the original site. By 1949 it was established in all eastern coun­
ties and extended westward across two-thirds of the state. By 1951, the 
corn borer had been observed in 40 counties (Colberg et al_,, 1952). 
Brandvik (1967) reported that the pest was present in all North Dakota 
counties. 
Biology of the Corn Borer 
Voltinism and diapause 
The biology of the corn borer was first described in the United 
States by Vinal and Caffrey (1919) in Massachusetts, and they found it 
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went through two generations per year in that area. In 1928, Huber et al. 
reported on the biology of a one-generation borer in Ohio. During recent 
years, bivoltinism commonly was higher than 20% in the North Central 
Region (Everett et al., 1958), and approached 100% on occasion. Chiang 
a n d  H o d s o n  ( 1 9 5 9 )  i n  M i n n e s o t a  i n d i c a t e d  t h a t  t h e  p o p u l a t i o n  o f  0 .  
nubilalis was kept at a higher level when bivoltinism was present. 
Peters ^ (1961) observed that three generations were common in 
Missouri, but some first-brood borers did enter diapause. That some first-
brood borers entered diapause in the warm climate of southeastern Missouri 
was evidence of the presence of a genetic factor for occurrence of a sin­
gle brood. Sparks ^ (1966a) obtained results which showed that 
diapause was determined genetically as well as by other factors such as 
temperature and photoperiod. Sparks et al. (1966c) demonstrated statis­
tical differences in the number of diapausing larvae among corn borers 
from Minnesota, Iowa and southeastern Missouri. This was considered evi­
dence of naturally occurring biotypes. 
Buligan (1929) observed continuous feeding by 0_. nubi lalis in the 
Philippine Islands, although there was a question if 0_. nubi lalis was 
involved. Lees (1956) discussed the genetic nature of insect species and 
development with or without diapause. The silkworm was shown to inherit 
voltinism, and cultures that were either multi-, bi-, or uni vol tine could 
be established. According to Mutchmor and Beckel (1958), Beck and Hanec 
(I960), and Beck and Apple (1961), diapause in the corn borer was faculta­
tive and could be induced by temperature and photoperiod. Ke Chung Kim 
et al_. (1967) suggested that biotypes of the corn borer had evolved beyond 
ecological and physiological differentiation, and demonstrated differences 
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among borers from Minnesota, Iowa, Missouri, and Ohio on the basis of 
morphological characteristics of adult borers. Chiang ^ (1968) sug­
gested that diapause of various biotypes of the North Central Region was 
influenced by ecological conditions, and that biotypes differed in their 
response to these conditions. 
Seasonal hi story 
First brood The seasonal history of the corn borer in Iowa was 
discussed by Goleman (1954), Weekman (1957), and Jarvis (I960). The corn 
borer overwintered as mature larvae within debris from corn plants of the 
previous growing season. The first brood pupated about mid-May the fol­
lowing spring, and pupation was completed during early June. First-brood 
1 I 
moths began to emerge during late May, and emergence continued throughout 
the first three weeks of June. Oviposition by first-brood moths began in 
early to mid-June and concluded during the first part of July. Jarvis 
(I960) found that most of the first-brood eggs hatched, but some eggs 
disappeared, some were eaten by predators, some were dried up, and some 
were infertile. 
According to Batchelder (1949) larvae wander about on the plant 
before they feed. Most of the first and second instar larvae were found 
in the moist area of the whorl. Bell (1956) found that feeding began 
mostly on the upper epidermis of the leaves. During the third instar, 
larvae fed upon the leaves of the whorl. They also tunneled into the mid­
rib, collar, and sheath. Fourth and fifth instar larvae bored into the 
stalk. First-brood larvae reached maturity during mid-July and early 
August. Weekman (1956) reported 9 to 88% pupation of first-brood larvae 
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In Boone County, Iowa. Second-brood pupation began in mid= to late July 
and continued through mid-August. 
Second brood Jarvis (I960) reported that summer pupation reached 
92% during 1957 and 1959 in Boone County. Emergence covered the period 
from late July to late August. Second-brood oviposition began in late 
July to early August and continued until early September, Egg masses of 
that brood were most frequently laid on leaves near the ear. Jarvis 
(i960) reported that hatching percentage was higher for second-brood eggs 
than for first-brood eggs. Cox (1955) described the feeding habits of 
second-brood larvae in Iowa. He found that first and second instars fed 
primarily upon pollen which had fallen into leaf axils. Third instar 
larvae were found behind the leaf sheaths, in the midribs, stalk, and 
ear. The last two instars tunneled into the stalk and behind leaf 
sheaths. Jarvis (I960) observed that a third moth flight occurred in 
Boone County, Iowa during several seasons. 
Cox (1955) reported that as cool weather approached in the fall, 
mature larvae often constructed a silk-lined chamber within the stalk or 
behind a leaf sheath. An exit hole was often made in the stalk, and was 
capped with silk. If the larvae were to survive the winter, they had to 
be mature at the time of the first killing frost. 
Effect of Weather on the Corn Borer 
Moth f1ight 
Several environmental factors were found to exert an effect on corn 
borer moths. Optimum moth flight in Ontario occurred at temperatures 
between 65® and 75® F (Stirrett, 1938). He found that a minimum of 56® F 
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was required for flight. Huber (1941) observed cessation of flight when 
the temperature fell below 50® F. According to Stirrett (1938), most 
flight occurred between one-half hour before sunset and three and one-
half hours after sunset, Huber et al. (1928) in Ohio indicated that 
moths sought shelter on corn or other plants when winds were relatively 
strong. Moths lived longest when conditions were cool and moist (Barber, 
1925b) (Caesar, 1926); Vance (1949) indicated that moths need free water 
for drinking. 
Barlow and Mutchmor (I963) reported that abundant drinking water 
during emergence and flight periods of moths was essential to survival 
and reproduction. Insufficient water results in diminished adult survival 
and reduced fecundity, and the effect of moisture on survival and fecun­
dity was influenced by temperature and humidity. In general, a spring 
with frequent and abundant rainfall may result in relatively large numbers 
of borers. Survival and egg production of first-generation moths was 
promoted and chances for larger populations of second-generation moths 
were increased. 
Oviposi tion 
Stirrett et al^. (1934) found that peak moth flight and oviposi tion 
occurred at approximately the same time. Oviposition diminished more 
rapidly than moth flight. Under laboratory conditions, Vance (1949) found 
that the optimum temperature for oviposition was 85° F, and the optimum 
relative humidity was 96%. Vance (1949) found that approximately 90% of 
the eggs were laid during the first ten days of the life of a moth. Eggs 
produced later in the life of the moth were often infertile. Bottger and 
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Kent (1931) reported that the greatest number of eggs were laid in the 
field when temperatures ranged between 75° and 80® F during the evening. 
Barber (1925b) observed that oviposition decreased when night temperatures 
fell below 60® F. Ficht (1936) found that light, gentle rains were con­
ducive to oviposition. Everett et a_I_. (1958), in Iowa, showed that light 
first-brood oviposition occurred when June temperatures were low and rain­
fall was deficient. Second-brood oviposition was inversely proportional 
to mean August temperatures. 
Larval and pupal survival 
Optimum conditions for larval establishment in Iowa were found by 
Tauber and Bruce (1945) to be between 70® and 90® F, with a relative 
humidity over 80%. Stirrett (1930) found that the highest minimum tem­
perature that killed exposed larvae in the field in Ontario was -32® F. 
Huber (1941) indicated that drought was unfavorable to overwintering lar­
vae. Barber (1924) observed that there was no single factor responsible 
for mortality during the winter, and based upon minimum temperatures, the 
severity of the winter seemed to be the greatest single factor contrib­
uting to winter mortality. 
Hanec and Beck (I96O) in Wisconsin found that cold-hardening of borer 
larvae in the field began in August and continued to increase until late 
November. In the laboratory, they observed that cold-hardy larvae sur­
vived much better than diapausing summer larvae at -20® C in the absence 
of contact moisture. Chilling in the presence of contact moisture caused 
freezing and reduced the ability of the insect to survive cold tempera­
tures. Although ice had formed in their tissues, cold-hardy borers 
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survived several weeks at -20® C. Babcock (1927) and Ruber (1941) indi­
cated that low humidity and high temperatures produced high pupal mor­
tality. 
Development 
Apple (1952) showed the effect of temperature on borer development 
when he correlated the appearance of the various life stages with degree-
day accumulation in Wisconsin. Jarvis (I960, 1962) and Jarvis and 
Brindley (1965) reported on the use of temperature accumulations for pre­
dicting development of the borer in Iowa. Everett et (1958) and 
Sparks (196?) reported on the effects of weather on the borer in 
the North Central states. Temperatures below normal were associated with 
light first-brood populations. Unless temperatures were below normal, 
borers were more numerous when rainfall was abundant during June. Insuf­
ficient rainfall coupled with above-normal temperatures seemed to have an 
adverse effect upon the first-brood infestation. 
Everett a1_. (1958) reported an inverse relationship between mean 
August temperature and the second-brood infestation. The second-brood 
infestation varied directly with total August and seasonal rainfall. 
Sparks et (196?) found that fall populations in Iowa were positively 
correlated with nights having winds over 8 miles per hour at 10:00 P.M. 
Winds over 8 miles per hour were conducive to higher fall populations 
during late August. Hill ^ (196?) reported that when June was 
warmer and dryer than normal in Nebraska, the summer population was lower 
than the spring population. Fall populations in Cuming County, Nebraska, 
were significantly associated with total rainfall during June, July, and 
August. Low fall populations in Waseca County, Minnesota were associated 
with cooler than normal July temperatures. 
Effect of Agronomic Practices on the Corn Borer 
Date of planti ng 
While working with uni vol tine borers in Ohio, Polivka and Huber 
(1931) found greater larval survival on early-planted than on late-planted 
corn. Hibbs (1953) in Ohio indicated that the population dynamics of corn 
borer populations may be influenced by the frequency distribution of 
planting dates. Coleman (1954) and Weekman (1957) obtained a positive 
correlation between first-brood populations and date of planting in Iowa. 
Jarvis (I960) observed that the number of borers per plant was highest on 
the earliest planted corn. However, higher total populations were found 
on corn planted six to ten days after the first planting date, the period 
when the bulk of the crop was planted. The fall infestation could not be 
related to date of planting. Chiang and Hodson (19^3) reported that moths 
of the first generation laid more eggs on early-planted sweet corn in 
Minnesota. Fewer second-generation eggs were laid on early-planted corn 
than on late-planted corn. 
Everett et £Î_. (1958) found that natural first-brood infestations on 
late-planted corn were lower than on early-planted corn in Iowa. Early-
planted corn was less susceptible to attack by the second brood than late-
planted corn. Sparks et (196?) reported an average reduction of 60% 
in first-brood larval populations due to late planting over a five-year 
period in Iowa and Ohio* In Minnesota, the same late planting gave higher 
first-brood populations. Planting dates had very little effect on survival 
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of second-brood borers in Minnesota. Planting dates were slightly more 
effective in Ohio, and highly effective during four out of five years in 
Iowa. In Ohio, the greatest second-brood reduction was gained by using 
resistant corn. In Iowa, a combination of favorable planting dates and 
resistant hybrids was the most effective for second-brood reduction. Hill 
et (1967) observed that most states in the North Central Region reported 
a relationship between date of planting and bpif-er numbers. In Missouri, 
first-brood damage was greatest on early-planted corn and second-brood 
damage was higher on late-planted corn. In Nebraska, there was less evi­
dence of a relationship between date of planting and second-brood popula-
ti ons. 
Harvest op erati ons and crop rotati on 
Bigger and Petty (1953) in Illinois found that mechanical corn pick­
ers killed about 36% of the fall larvae, and that 96% were killed by 
plowing. Chiang et al . (1961) observed that the heaviest populations 
were generally found in areas with a predominantly corn-oats-corn rotation 
as mapped by Weaver (1954). Hill _et_a2- (19^7) suggested that planting 
oats in fields that were in corn the previous year leads to higher spring 
borer populations than planting in fields where more intensive cultivation 
practices destroy or bury old corn stalks. However, there was an average 
reduction of 29% of the spring population by the mechanics of oat seeding 
in Boone County, Iowa. The same authors suggest that an increase in corn-
on-corn and soy beans after corn may contribute to a decrease in borer 
popu lations. 
n 
Relationships of the Corn Plant to the Corn Borer 
Host plant development 
While working with the uni vol tine strain, Ficht (1931)» Neiswander 
and Huber (1929)» and Patch (1942) obtained a positive relationship 
between plant height and the number of borer eggs laid. Goleman (1954) 
and Weekman (1957) found a similar relationship between plant height and 
first-brood borers of the bivol tine strain. The relationship was assumed 
to be linear. It was shown by Everly (1959) in Indiana that the relation­
ship was actually curvilinear. Jarvis (I960) found that the first-brood 
infestation was greater on taller corn. 
Kelsheimer and Polivka (1931) observed significant correlation 
between larval survival and plant development. Huber (1941) found higher 
survival on early maturing corn. Polivka and Huber (1931) and Jarvis 
(i960) reported that larval survival was inversely proportional to total 
eggs laid. Caesar (1925) found that most larval mortality occurred during 
the first instar in Ontario. Neiswander and Huber (1929) found that the 
greatest mortality took place at the time of larval establishment or when 
feeding began. In 1925» Painter and Ficht observed that larvae were often 
pinched by unfolding leaves of the corn plant. Luckmann and Decker (1952) 
in Illinois observed that significant survival began when the ratio of the 
tassel bud to plant height was between 15 and 20. Survival was highest on 
corn that showed tassels in one to three days. Chiang (1959) suggested 
that some natural control of the borer was provided when larvae drowned 
in plant sap or were caught at a point of breakage of the plant. It is 
possible that some emerging adults were trapped in tunnels within the plant. 
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Chiang (1964) found that survival and rate of development were higher 
among borers established in internodes near the ear. However, infesta­
tions near the base of the plant had a greater adverse effect on ear 
growth. 
Host plant resi stance 
Brindley and Dicke (1963) reviewed important developments in host-
plant resistance to the corn borer. Painter (1951) described preference, 
antibiosis, and tolerance as types of resistance. As pointed out by 
Sparks et £l_. (1967), all types of resistance are involved in the rela­
tionship between the borer and corn. Preference is involved in the influ­
ence of plant height and corn lines on oviposition by the adult. 
Tolerance to borer infestation is identified with standing and ear-holding 
qualities of the corn plant. 
Work on antibiosis became more intensive when Beck and Stauffer 
(1957) found 6-methoxy 2-benzoxazo1inone (6mB0A) in corn tissue inhibited 
corn borer growth. Klun and Brindley (1966) indicated that 6MB0A is of 
little consequence in resistance, but that the precursors of 6MB0A may be 
active. Klun. et al. (1967) showed that 2, 4-dihydroxy-7-methoxy-(2H)-l, 
4-benzoxazin-3-(4H)-one (OIMBOA), a precursor of MBOA, is active in 
resistance to the borer. Klun and Robinson (1969) suggested that the high 
concentrations of OIMBOA in seedling corn may explain apparent resistance 
of young corn. Inbreds which maintained high concentrations in the whorl 
and later stages were resistant. 
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Status of Biological Control 
Previous workers have found that most parasitism and prédation is 
associated with the egg and larval stages of the borer. Huber et al. 
(1928) observed that pupae were little affected by biotic factors. 
Thompson and Parker (1928) observed that natural control of the borer in 
France, Italy, and Spain is not due to natural enemies alone but to a 
complex of environmental factors. Babcock and Vance (1929) found that 
parasites give good control in a few local areas in Europe. Clark (1934) 
suggested that a combination of parasites was responsible for control in 
the Orient. Baker et ( 1949) summarized early work involving the 
importation of exotic species of parasites into the United States for 
borer control. 
Parasitic insects 
Blickenstaff ^ (1953) summarized the status of parasites in 
Iowa. Lydella grisescens R.D. and Sympiesis viridula (Thorns.), species 
not released, were recovered in Boone County. Jarvis (I960) found that 
the most numerous parasite in Boone County, Iowa, was qrisescens. 
viridula and several native species were also recovered. Jarvis and York 
(1961) indicated that population fluctuations of Lydella cannot be 
explained by borer populations. Sparks et al. (1963) stated that when 
the summer borer population went up in Boone County, Iowa the fall Lydella 
population also increased. There was no apparent relationship between the 
fall borer population and the fall Lydella population. Rolston et al. 
(1958) found that out of I8 species of corn borer parasites released in 
Ohio, grisescens, vi ridula, and Horogenes punctorius (Roman) had 
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become established permanently. Lydella was the most abundant quanti ta-
ti vel y. 
During the summer of 1951» three species of corn borer parasites were 
released in southeastern North Dakota (Munro et al_., 1952). Included in 
the release were grisescens (Diptera), Che1onus annulipes Wesm. 
(Hymenoptera), and Macrocentrus gifuensis Ashm. (Hymenoptera). There has 
been no evidence that any of these became established. Although not 
released in North Dakota, £. viridula has been recovered and appears to 
have established itself in several southeastern counties, at least on a 
maintenance basis (Frye and Brandvik, 1967). 
Predators 
Baker £t al_. (1949) reported that predators were responsible for the 
destruction of 17.8% of all borer eggs laid near Toledo, Ohio, during 
1968. Eleven per cent were destroyed by predators during 1939. 
Ceratomegi11 a fusci1 abri s (Huis.) was responsible for 50% of the eggs 
destroyed. Hippodamia convergens (Guer.) and H. tredecimpunctata tibialis 
(Say) appeared later during the oviposition period. McCoy and Brindley 
(1961) attributed a loss of 8% of the initial borer population in Iowa to 
prédation by the four-spotted fungus beetle, G1ischrochilus quadrisignatus 
(Say). Jarvis (I960) found that insect predators were more abundant 
during the period of second-brood activity. 
Froeschner (1950) observed that larvae of a green lacewing, Chrysopa 
plorabunda (Fitch), a flower bug, Orius insidiosus (Say), and two species 
of Coccinel1idae, £. fusci1 abris and H. tredecimpunctata tibialis (as H. 
tibialis), are important predators of borer eggs in Iowa. Jarvis (I960) 
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and Oicke and Jarvis (1962) reported that £. insidiosus was generally most 
important late in the season. Chiang and Holdaway (1955) obtained evi­
dence that there is some reduction in larval numbers as a result of 
prédation in Minnesota. Sparks e^ (1966b) concluded that insect 
predators play an important part in fluctuations of corn borer popula­
tions in some locations in the North Central states. 
Barber (1925a, 1926) reported prédation on overwintering larvae, 
moths, and pupae by birds; mice were also seen feeding on overwintering 
larvae. Baker ^ (1949) presented evidence of prédation by birds. 
The most important avian predators of the borer belong to the Picidae 
(Barber, 1925a) (Frankhauser, 1962). 
Hanvik (1968) concluded that there was little, if any, natural con­
trol of the borer by predaceous insects during the 1967 season at Fargo, 
North Dakota. The main predaceous insects encountered were H. 
tredecimpunctata, JH. convergens, plorabunda, Chrysopa oculata (Say), 
and £. insidiosus. Stoltenow (1968) found that the most important avian 
predators in corn fields during the fall, winter, and spring of 1967-1968 
were the downy, Dendrocopus pubsecens (Swainson), and hairy, _D. vi1losus 
(Linnaeus), woodpeckers. It was concluded that birds feed on overwintering 
borer larvae in quantities that can be estimated. The degree of bird 
prédation appeared to be influenced by the amount and distribution of 
borer damage, and by the location of the corn field. Kaatz (1968) found 
that 47% of all corn fields observed showed evidence of bird prédation. 
16 
Microorqani sms 
A list of microorganisms recovered from diseased corn borer larvae 
was compiled by Steinhaus (1952). Zirrmack., et al_. (19$4) found that 
borers from several North Central states were infected with the protozoan 
Perezia pyraustae Pail lot. Infected larvae developed at a slower rate, 
and had a lower survival percentage than did uninfected larvae. Zimmack 
and Brindley (1957) reported that the microsporidian is transovarial1 y 
transmitted, and that diseased moths lay fewer eggs than uninfected moths. 
Raun et (1959) listed types and combinations of microorganisms found 
in borer larvae collected in the field. P^. pyraustae was isolated from 
65% of the larvae. Unidentified bacteria were present in 31% of the lar­
vae, while no microorganisms were found in 9.5%. Raun, et (1959) and 
Brooks and Raun (1965) reported several species of fungi that were 
recovered from borer larvae in Iowa. The species included Beauveria 
bassiana (Balsamo) Vuillemin, Metarrhizium anisopliae (Metchnikoff) 
Aspergi1 lus spp., and Pénicillium spp. 
Frye and Brandvik (1967) reported the presence of 2* pyraustae in 
borers from most areas of North Dakota. Incidence of _B. bassiana on borer 
larvae was very light. The fungus was found only in the southeastern 




Description of the study area 
The major portion of the study was conducted in Cass County, North 
Dakota. The physiography, soils and climate of the area were discussed 
by Knobel etal. (1924), Patterson et al_. (1968) and Omodt etal. 
(1968). 
Cass County is located in southeastern North Dakota, adjacent t? 
Minnesota, and one county renoved from South Dakota. It was included in 
the region covered by a later stage of the Wisconsin glacier. Parent 
materials for soils in the eastern two-thirds of the county originated 
from glacial lake sediments (Lake Agassiz Basin). In the western one-
third, parent materials were derived from glacial till (drift prairie). 
Approximately 4$% of the county is in the Red River Valley, and consists 
of clay soils of glacial lake plains which are nearly level with a thick 
black surface layer. The remainder of the county consists of very limey 
soils of subhumid grassland which are nearly level to undulating, and 
black soils of subhumid grassland which are nearly level to gently rolling 
with a thick black surface. 
Cass County is nearly level in the east, and level to gently rolling 
in the west. The Red River of the North, which forms the eastern boundary 
of the county, is the largest stream, and flows from south to north. The 
Sheyenne and Wild Rice Rivers flow across the southeastern part of the 
county and empty into the Red River. The topography along the rivers is 
level to nearly level with poor surface drainage, except in areas adjacent 
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to streams. The general slope is to the northeast. The northward slope 
is one to one and one-half feet per mile. The eastward slope to the Red 
River averages about two feet per mile. Ditches have been constructed to 
help alleviate the drainage problem. Tiling has not become a standard 
practice in the area. 
Location of the fields in the study area 
The fields were located according to a plan similar to one used by 
Goleman (1954), Weekman (1957) and Jarvis (1960) in Boone County, Iowa. 
A total of 20 fields were randomly selected for study. Figure 1 shows 
the approximate location of each field. There were some changes in field 
locations from year to year as a result of changes in cropping. 
Fi eld histories 
Each farm operator was contacted in advance of each season, and the 
following information was obtained: planting date, corn hybrid, previous 
year's crop, type and amount of fertilizer used, field size, soil type, 
method and rate of planting, and legal description. 
Census 
Using a method similar to that described by Hill ^ (1967), a 
borer census was conducted from 1964 through 1967. Three randomly 
selected areas approximating l/lOOO of an acre (6 1/2 x 6 1/2 feet) were 
sampled in each of the 20 fields. The method of sample area selection, 
shown in Figure 2, was as follows: The first area was located 45 paces 
from the middle of the most accessible edge of the field; the second area 
was located 30 paces from the first, and on a straight line from the edge 
Figure 1. Approximate location of study fields in Cass County, 
North Dakota, 1964-196? 
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Figure 2. Location of sampling areas within each field 
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of the field through the first area; and the third area was located 50 
paces directly left of the second area. 
All plants and plant parts in the areas were checked in the early 
spring, late spring, summer, fall, and after harvest. The early-spring 
census was made prior to spring farming operations, and provided a meas­
urement of winter larval mortality resulting from natural causes. The 
late-spring census was conducted after planting or preparation for plant­
ing, and was intended as a measurement of larval mortality resulting from 
both natural and cultural causes. The summer census was made when the 
majority of first-brood borers were mature, and the fall census was con­
ducted after the first killing frost. A post-harvest census provided a 
measurement of larval mortality resulting from harvest operations. 
The type of information recorded depended upon the time of a census. 
In the spring, the number of living larvae was recorded. In the summer 
and fall, the number of plants in the area and the number and stages of 
living borers were recorded. In the fall, the number of cavities was also 
recorded for each sampling area. Weather information was obtained from 
the United States Weather Bureau at Fargo, North Dakota. 
Seasonal development 
During I966 and 1967, the development of the corn borer., throughout 
the season was studied within fields used in the census study. Census 
data on overwintering populations were used. Data for first- and second-
brood populations were collected from two sampling sites (A and B) in each 
field (Figure 3)« Two samples of five plants each, numbered 1 through 5 
and 6 through 10 at site A, and 11 through 15 and 16 through 20 at site B 
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were selected (Figure 4). 
The plants in each field were examined once each week. Information 
recorded for each plant included: (1) oviposition, the marking of all 
egg masses, number of eggs in each mass, the stage of egg development, 
and determination of the fate of eggs; (2) extended leaf height; (3) lar­
val leaf feeding; and (4) predator counts and stage or stages of each 
predator. ' 
Plants 1 through 5 and 11 through 15 were dissected to determine lar­
val survival and the first-brood infestation level. This was done when 
most or all of the first-brood larvae were mature. Plants 1 through 6 
and 16 through 20, which remained in the field for observation of possible 
second-brood activity, were dissected in the fall to determine the second-
brood and seasonal infestations. Oviposition observations and predator 
counts were also made during the period when second-brood activity would 
be expected. 
Pupation and moth-emergence data were recorded twice weekly during 
both the first- and second-brood periods. First-brood pupation and emer­
gence was observed in a standing field of previous season's corn near 
Fargo. For the second brood, a field of heavily infested corn near Fargo 
was used to obtain pupation and emergence information. Moth flight 
records were obtained from a light trap operated at Fargo. 
Parasitism and prédation 
Corn borer larvae collected in the fall during the period 1964 
through 1$68 were examined for parasites. The incidence of parasitism 
and the distribution of parasites were determined. 
Figure 3 Location of sampling sites within each field 
Figure k. Location of plants within sampling sites 
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A procedure similar to that used by Sparks ^ (1966b) was 
employed to determine the influence of invertebrate prédation on corn 
borer populations during the growing season in 1964 through 1967. 
A plot ten hills long and ten hills wide (Figure 5) was planted with 
Morning Sun sweet corn. The hills were thinned to three plants each. 
Twelve hills within the plot were randomly selected for the two treat­
ments—caged and uncaged. About the time of natural oviposition, approxi­
mately 20 blackhead eggs were placed in the whorl of each plant in the 
12 selected hills (60 eggs per hill). Cages made from a 3 1/2 x 3 1/2 
foot wooden frame covered on the sides and top with 18 mesh Lumi te'' screen 
were placed over six of the hills at the time the plants were artificially 
infested. Eggs of natural origin were removed from the test plants 
throughout the test. Predators found on the hills prior to caging were 
also removed. No attempt was made to separate first-brood prédation from 
second-brood prédation. 
The caged and uncaged plants were dissected in the fall, and the 
intensity of prédation was determined by using the following computation: 
Intensity = Borers/caged plant - Borers/uncaged plant x 100 
Borers/caged plant 
Perezia pyraustae infection 
Thirteen samples of 50-100 borers each were collected in the fall 
from 1964 through 1968. In 1969* two additional samples were collected. 
/ 
The samples were taken from 21 locations (Figure 6) throughout the state. 
The locations were selected on the basis of corn borer availability. 
Using the method described by Raun et al. (I960), the intensity of 
Figure 5» Example of a plot-setup for prédation study 
A denotes caged hills of corn 
B denotes uncaged hills of corn 
denotes a hill of corn, three plants 
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Figure 6. Approximate locations of collections of corn borer larvae for Perezia pyraustae 
determinations, 1964-1968 
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infection by Perezia pyraustae Pail lot was determined for each location. 
Based upon spore counts, the infections rated negative, light, medium, or 
heavy. Incidence of infection was also determined. 
Weather condi tions during the study 
Average monthly temperatures and total rainfall with departures from 
normal for April through September during 1964 through 196? are shown in 
Appendix Table 1. 
General weather conditions during the study are summarized below: 
1964 Temperatures were above normal early in the season through 
July, but fell below normal during August through October. Precipitation 
was above normal early, fell below normal during May, and went above 
during June. It fell below normal in July and remained below through 
October. 
1965 Temperatures were below normal throughout the season. Pre­
cipitation was above normal over the period April through July, dropped 
slightly below normal during August, and rose well above normal during 
September. 
1966 Temperatures were below normal throughout most of the season. 
Precipitation was above normal during April, dropped below normal during 
May and June, and rose above normal during July and August. It dropped 
below normal in September. 
1967 Temperatures were below normal during most of the season, 
but were above normal during April. Except for April, precipitation was 
below normal throughout the season. 
Seasonal accumulation of borer degree-days for 1964 through 196? is 
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given in Table 2 of the Appendix. They were determined by the formula: 
Borer degree-days = daily mean temperature -50* F (Apple, 1952). Daily 
mean temperatures below 50® F were ignored. 
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RESULTS AND DISCUSSION 
Census Studies 
Population fluctuations 
Population fluctuations were followed by utilizing four surveys 
annually during 1964 through I967. Results are summarized in Table 1 and 
Figure 7. 
Table 1. Corn borer populations at several times yearly, Cass County, 















































































Figure 7» Average number of borers per acre, Cass County, 
North Dakota, 1964-1967 
Borers per acre (thousands) 
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The limits of population ranges and average number of borers are 
given in Table 2. Tables 3 and 4 present applicable weather information 
and quantitative changes in borer populations. 
Table 2. Limits of population range and average number of borers per acre 
in Cass County, North Dakota, 1964-1967 
Number borers per acre 
Survey Range limits - . Average 
Early spring 500 - 599 533 
Summer 8,047 - 26,700 16,397 
Fall 8,071 - 26,248 16,542 
Post-harvest 1,312 - 3,816 2,642 
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Table 3« Spring to summer to fall changes in borer populations in Cass 
County, North Dakota, and temperature (T) and rainfall (R) data 
for June, July, and August at Fargo, 1964-1967 
1964 1965 1966 1967 
No. borers/acre—early spring 500 516 599 517 
summer 15,829 8,057 26,700 15,000 
Multiple change—early spring to 
summer® +31.65 +15.62 +44.57 - +29.01 
No. borers/acre—fa 11 16,448 8,071 26,248 15,402 
Multiple change—summer to fall® +1.04 +1.00 -1.02 +1.03 
June weather: 
Departure of mean (T) from 
+2.4 normal -0.9 +1.3 -2.2 
Departure of mean (R) from 
normal +1.81 +0.06 -0.13 -O.50 
July weather; 
Departure of mean (T) from 
normal +2.6 
-2.9 +2.4 -3.5 
Departure of mean (R) from 
normal +2.14 +1.90 +1.10 
-2.31 
August weather: 
Departure of mean (T) from 
normal -4.6 -3.0 -4.0 -2.8 
Departure of mean (R) from 
normal -0.10 -0,40 +0.85 -2.54 
^As used by Hill ^  (1967)» multiple changes are a measurement of 
quantitative changes in borer populations from season to season. An 
increase from 100 borers in the summer to 200 in the fall is a multiple 
change of +2. 
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Table 4. Changes in borer populations in Cass County, North Dakota, 
1964-1967 
1964 1965 1966 1967 Average 
Multiple changes 
Summer to fall +1.04 +1.00 
Fall to post-harvest -7«45 -6.15 
Post-harvest to early spring -4.27 
Early spring to summer +31.65 +15.62 
Fall to early spring -31.88 
Mortality of inactive borers 
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®No data were avai 1 able from the fall of 1963. Consequently, figures 
for 1964 are missing. 
An early spring census was conducted during April, and provided an 
index for determining winter mortality when the early-spring population 
was compared to the previous season's post-harvest population. Table 4 
shows negative-fold changes from post-harvest to early spring, and an 
average winter mortality of 71.7% for the years 1965-1967. Winter mor­
tality could have been caused by several factors, singly or in combination. 
However, no attempt was made to elucidate them during the study. 
A late spring survey of the fields utilized during the previous 
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season's study was conducted each year. However, in all cases the fields 
had been plowed and worked for seeding crops or fallowing, and no borers 
were encountered. It does not seem feasible that any conclusions con­
cerning borer populations could be drawn under such circumstances. 
Estimates of summer borer populations were obtained from a survey 
conducted when most of the first-brood borers were full grown. Table 1 
and Figure 7 show that there were large increases in borer populations 
from early spring to summer. However, the degree of change was not con­
sistent in all years. 
The fall survey was taken as late as possible but before harvest. As 
shown in Tables 1, 2, 4 and in Figure there were no increases of con­
sequence of fall populations over summer populations. It is reasonable 
to assume that this was due to low, or the absence of, second-brood ovi-
position during the study period; thus a lack of mature second-brood 
larvae to contribute to the fall populations. As will be discussed later, 
second-brood oviposition is very sparse in North Dakota, and if it occurs, 
very few of the resulting larvae reach maturity. 
A post-harvest survey was taken after all fields were harvested. It 
was intended that a comparison of the post-harvest survey to the fall sur­
vey would give an estimate of population reductions due to harvesting 
operations. Tables 1 and 4 and Figure 7 show an average reduction for the 
period 1964 through 1967 of 83.5%. The average of 83-5% differs consid­
erably from the 36% reduction of fall populations reported by Bigger and 
Petty (1953). It is entirely possible that other factors may have caused 
part of this reduction. 
Changes in summer to fall populations were relatively small in all 
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years. It is reasonable to assume that this was due mostly to a lack of 
a substantial second brood which would have increased fall populations, 
Everett et al. (1958) found that second-brood infestations were inversely 
proportional to mean August temperatures. The mean August temperatures at 
Fargo, North Dakota (Cass County) were from 2.8° F to 4.6° F below the long-
term normal for all years (Table 3)» Thus is follows that the absence of 
a significant second brood was the result of the influence of a factors 
(or factors) not yet elucidated. 
Quantitative seasonal changes in borer populations in Cass County 
were generally similar for all years. Numbers increased from early spring 
to summer, and decreased from fall to post-harvest and post-harvest to 
early spring. There was no apparent change in populations from summer to 
fall. This was explained on the basis of the absence of a significant 
second brood which would increase populations between the summer and fall 
surveys. This can be explained further on the basis of first-brood dia­
pause. The percentage of first-brood larvae which went into diapause at 
Fargo were 54, 98, 92, and 100 for 1964, 1965, 1966 and 196? respectively. 
In general, most first-brood larvae did not pupate during late summer and 
development of a second brood was very light over the period. During the 
years included in the census, only one full brood was encountered. If a 
second brood was initiated, very few larvae developed to maturity. This 
is discussed further under seasonal development. 
Effect of envi ronmental factors on corn borer populations 
Corn borer development in relation to weather The role of tem­
perature in corn borer development is indicated in Tables 5 and 6. Degree-
42 
day accumulations for the various stages of the borer are compared in 
Table 5 to the degree-day requirements for the first appearance of each 
stage as determined by Apple (1952). Actual dates of first appearance of 
the several stages to dates determined by utilizing the requirements 
described by Apple (1952) are given in Table 2. 
Table 5» Degree-day accumulations for first appearance of the various 
stages of corn borer development 
Accumulated Degree-day 
Stage 1964 I9b$ 1966 1967 Average Apple (1952) 
Pupal 324 198 253 275 263 246 
Adul t 547 536 484 496 516 423 
Egg 750 642 555 598 661 602 
Egg 
(Hatch) 
968 753 692 794 802 699 
Pupal 1791 1459 1484 1481 1554 1446 
Adult 1969 1730 1714 1746 1790 1716 
Egg - - - - 1770 —  —  — —  1778 
Egg 
(Hatch) 
—  —  —  - —  —  — —  1907 —  —  —  —  1901 
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Table 6. Comparison of actual dates of first appearance of corn borer 




Pupal Adult Egg Egg 
(Hatch) 
Pupal Adul t Egg Egg 
(Hatch) 
246 523 602 699 1446 1716 1778 1901 
1964 Predicted 5/18 6/2 6/14 6/16 7/29 8/1 8/4 8/10 
Actua 1 5/22 6/12 6/25 7/3 8/7 8/21 — — - — — — 
1965 Predicted 6/5 6/17 6/27 7/6 8/13 8/30 9/13 10/29 
Actual 6/1 6/25 7/2 7/9 8/13 8/31 — — — 
1966 Predicted 6/10 6/21 6/29 7/4 8/4 8/23 8/27 9/2 
Actua1 6/10 6/24 6/28 7/3 8/5 8/19 8/26 9/2 
«967 Predicted 6/6 6/20 7/5 7/9 8/22 9/7 9/13 9/24 
Actual 6/9 6/28 7/11 6/18 8/24 9/10 — — — — 
Avg. Predicted 5/29 6/11 6/24 6/27 8/5 8/19 8/24 9/19 
Actual 5/31 6/20 7/3 7/10 8/14 8/30 - - - —  —  —  
Although it was collected over a relatively short period, the information 
in Tables 5 and 6 agrees reasonably well with the information obtained by 
Apple (1952) and Jarvis (I96O). Second-brood eggs and hatched eggs were 
found only in I966. In this case, predicted and actual degree-days were 
very close. The period of first-brood development was considerably warmer 
(Appendix Table 1) during 1964 than it was in other years of the study. 
First-brood development was generally more rapid during 1964 than the 
other years of the study. First-brood development was generally more 
rapid during 1964 than the other years. 1967 was generally the coolest 
during the growing season, and development was slower. 
Discrepancies of several days occurred between predicted and actual 
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degree-day accumulations and appearance dates for the various stages. The 
date of first-brood pupation was accurately predicted in all four years. 
In general, predicted dates for other stages were several days in advance 
of actual dates of appearance of most stages. Discrepancies might be 
explained, in part, by the short term of the study. However, the study 
shows that reasonable results could be expected when using the method in 
predicting the appearance of the various stages of the corn borer in this 
area. It could be utilized when determining the time for field observa­
tions of the various stages of the corn borer during the season, and when 
planning insecticidal corn borer control operations. 
Stirrett (1930) concluded that a low temperature of -32® F was re­
quired for mortality of exposed larvae in the field, and Ruber (1941) 
found that drought was detrimental to overwintering larvae. 
An examination of Tables 3 and 4 indicates that changes in population 
from early spring to summer and the size of first-brood larval populations 
were influenced by temperatures and (or) rainfall during June and July. 
Everett et al. (1948) and Sparks et al. (196?) reported that first-brood 
infestations were reduced in Iowa when June temperatures were below normal 
and (or) rainfall was deficient. In the Cass County, North Dakota study, 
corn borer eggs were not observed in the field until late June and early 
July. In view of this, it must be assumed that any effect of temperature 
and rainfall on oviposition and survival of young larvae would occur 
during both June and July. 
During 19^5 and 196?» temperatures were below normal during June and 
July in Cass County. Rainfall was near normal or above normal during June 
and July of 1965, and below normal during June and July of 1967. The 
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first-brood populations of 196$ and 1967 were the smallest encountered. 
The multiple changes were also low, especially during 1965» The largest 
first-brood population occurred during 1966 when temperatures were above 
normal during June and July, and when rainfall was below normal in June 
and above normal in July. The multiple change from early spring to summer 
was also the highest during 1966. The population in 1964 was also low 
when compared to 1966. This was inconsistent since June and July tempera­
tures were above normal. This occurrence might be explained in part by 
deficient moisture during July. 
Effect of agronomic practices on corn borer numbers The number of 
borers per 100 plants at the time of the simmer survey did not correlate 
with the rate of fertilizer usage. Fertilizer applications and borer 
populations in the 20 observation fields are summarized in Table 7» 
Table 7. Fertilizer application and summer corn borer counts in 20 
observation fields, Cass County, North Dakota, 1964-1967 
Percentage of fields 
Fertilizer iyt>4 1355 FFSG Average 
N-P-K 45 55 75 75 62.5 
Nitrogen 0 10 0 10 5.0 
Starter 0 15 0 10 6.3 
Zinc 0 5 0 0 1.3 
Manure 20 15 10 10 13.8 
None 45 35 25 20 31 .3 
Borers/100 plants 
summer survey 94.9 55.5 184.8 102.1 109.3 
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Cannon and Ortega (1966) reported higher survival of first- and 
second-instar larvae with higher nitrogen fertilization, and Hill et al. 
(1967) suggest that increased fertilizer usage and increased planting 
rates may enable more borers to survive by increasing the surface area in 
which young larvae could establish themselves. This trend did not appear 
in the work described here. 
The use of fertilizers on corn land in Cass County has gradually 
increased since the early 1950's. Since I96O there has been an increase 
in the use of nitrogen. Fertilizer usage increased from 1964-196? in 
the fields used in the study of borer populations. The combination N-P-K 
was the most widely used, but some liquid nitrogen and zinc were applied. 
Corn borer populations fluctuated independently of fertilization prac-
ti ces. 
Cropping practices did not affect borer populations during the census 
study. Table 8 shows that in all years, most of the corn followed small 
grains. 
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Table 8. Previous year's crop in 20 observation fields, Cass County, 
North Dakota, 1964-1967 
Percentage of fields 
Crop 1964 1965 1966 1967 Average 
Corn 30 20 20 5 18.8 
Wheat 20 20 35 35 27.5 
Oats 0 15 0 20 8.8 
Barley 15 10 5 30 15.0 
Soybeans 0 5 5 0 2.5 
Millet 0 0 0 5 1.3 
Potatoes 0 5 0 0 1.3 
Legumes 10 5 10 5 7.5 
Flax 0 5 10 0 3.8 
None (fallow) 25 15 15 0 13.8 
Corn-on-corn plantings decreased from the beginning to the end of the 
period. Although the use of corn-on-corn decreased, application of ferti­
lizer, especially N-P-K combinations, increased. This is opposite the 
situation Jarvis (I960) found in Boone County, Iowa, where increased use 
of fertilizer followed an increase of continuous corn production. It does 
not seen probable that the type of crop rotation would influence borer 
populations in Cass County as much as it does in areas where crops are 
seeded on disced corn fields. This is a reasonable assumption because of 
the practice of fall plowing, which buries most of the corn plants and 
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stubble, thus eliminating a considerable portion of habitat for pupating 
larvae the following spring. 
Since almost all of the corn was drilled throughout the study period, 
it is probable that any effect on borer populations by planting methods 
might have had was immeasurable. Weekman (1956) concluded that there was 
no relationship between planting method and borer populations. Planting 
methods and plant populations figures are presented in Appendix Table 3* 
Corn in Cass County was generally sown during May. The majority of 
it was planted during the last half of the month. However, a considerable 
amount may not be planted until sometime during the first half of June. 
Planting dates in Cass County are summarized in Appendix Table 4. Further 
discussion on planting dates and borer populations will follow. 
No conclusions concerning the corn hybrids grown in the field sur­
veys have been drawn. It would be difficult to do so without knowing the 
breeding involved. Most of them exhibit some degree of susceptibility to 
the borer. However, there is some indication that those known to be grown 
especially for silage are often less susceptible. It is feasible that 
this is influenced by their late maturity. Appendix Table 5 lists the 
known hybrids used and summer borer counts from the fields each one was 
grown in. Most of the hybrids were encountered only once during the 1964-
1967 period. The figures for those grown in more than one case are aver­
ages. 
Many of the fields used in the study were plowed after harvest. This 
practice was necessary because of the nature of some of the soils, which 
are difficult to work during wet springs. Other operations encountered 
were discing, silage cutting, mechanical picking, and combining. Corn 
y 
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borer survival at post-harvest and field treatment is given in Table 9. 
Table S. Condition of study fields at time of post-harvest surveys and 
survival in borer populations from fall to post-harvest, Cass 
County, North Dakota, 1964-196? 
Field Percentage in 
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®Based on one field in 1966 (the only year discing was encountered}• 
Based on 
tered. 
fi ve fi el ds in 1967 (the only year combining was encoun-
On the average, the largest percentage of the fields were plowed at 
the time of the post-harvest surveys during the period of years covered 
by the study. Mechanical picking was the next most common practice, 
followed in order by chopping for silage, combining, and discing. The 
lowest borer survival was found in plowed fields. Survival in the one 
field that was disced was high when compared to plowed fields. Of the 
harvesting methodi encountered, chopping reduced survival the most, and 
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was followed in order by combining and mechanical picking. 
Bio tic factors in relation to corn borer populations According to 
Hill et 2L' (1967) the greatest reduction in borer populations in Boone 
County, Iowa from fall to post-harvest occurred in 1964. During that 
year, infection by the microsporidian Perezia pyraustae was found to be 
82% in midseason and 70% in the fall, and the mean August temperature was 
3.9® F lower than normal. Zimmack and Brindley (1957) indicated that 
infection by the protozoan results in decreased larval growth. This could 
reduce chances of survival during the inactive season. Kramer (1959) 
reported that cold temperatures during winter and heat during the summer 
are factors which interact with the protozoan in causing borer mortality. 
Percentage reductions in borer populations from fall to post-harvest 
in Cass County, North Dakota (Table 4) averaged higher during the period 
1964-1966 (86) than they were in I967 (75.9). The incidence of and rate 
of infection of pyraustae were generally higher for the period 1964-
1966 (68% and 27,116,000 spores per infected larva) than they were during 
1967 (60% and 1,386,000 spores per infected larva). Mean August tempera­
tures at Fargo (Table 3) were generally lower during 1964-1966 than in 
1967. Though circumstantial, this evidence of the effect of the protozoan 
and cool temperatures on the borer populations in Cass County agrees with 
the findings of the investigators cited above. 
Barber (1925a, 1926) reported that birds and mice feed upon borers 
in corn stalks during the winter. Stoltenow (1968) found that avian preda­
tors caused borer mortality during the fall, winter, and spring at Fargo, 
North Dakota, during 1967-1968. He found that the downy woodpecker was 
the most numerous bird predator in corn fields. The author has observed 
the downy woodpecker working on corn stalks on numerous occasions during 
the borer's inactive season in North Dakota. 
In Cass County, borer populations ranged from 500 to 26,700 larvae 
per acre (Table 2). Populations were reduced the most during the inactive 
season or from fall to early spring (Table 4). Factors which reduced 
populations during this period were harvest operations, plowing, and 
prédation. It is feasible that the combined effect of adverse weather and 




Estimates of changes in borer populations which occurred during the 
winter are given in Tables 1 and 4 and Figure ?• Reductions of 96.9, 
92.6 and 98.0% occurred during the winters of 1964-65, 1965-66, and 1966-
67 respectively. The average reduction from fall to early spring was 
95«8%. The average number of borers per acre in the early spring was 500 
in 1964, 516 in I965, 599 in 1966 and 517 in I967. From these figures, it 
appears that the degree of overwintering population reduction and the 
source for potential infestation were essentially similar for all of these 
years. 
Winter weather was similar throughout the study period. Temperatures 
were low, and snowfall was heavy. Consequently, it is impossible to 
relate population changes to weather conditions during the period. Jarvis 
(i960) concluded tha-t environmental conditions during the winter had lit­
tle effect on corn borer populations in Boone County, Iowa from 1950 
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through 1959« He found that the size of the borer population in May is 
influenced a great deal by the size of the population in September. Since 
the early spring populations were similar for all years, no attempt was 
made to show a similar relationship for Cass County, North Dakota. 
During the study period, many of the fields were plowed after harvest 
(Table 5)« Also, many of the fields that were not plowed at that time had 
been plowed by the time early spring surveys were made. Borer numbers 
were always low in such fields. It is apparent that this practice ac­
counted for a considerable portion of the reduction in borer populations 
from fall to early spring. Other factors which might affect overwintering 
populations were discussed previously in the Census portion of the study. 
Pupation and moth emergence 
First-brood pupation and moth emergence were determined at Fargo 
from observations made in a heavily infested field of corn left from the 
previous season. Second-brood pupation and emergence were determined from 
observations made in a field which had been heavily infested with first-
brood larvae. Dates and duration of pupation and emergence for the period 
I963-I967 are shown in Table 10. Weather information concerning this and 
the following discussion is summarized in Appendix Table 1. 
First-brood pupation was earliest in years with warmer spring tempera­
tures, and lasted for a shorter period when spring and early summer tem­
peratures were highest. On the average, first-brood pupation commenced at 
the end of May and was completed in early July. 
Observations for second-brood pupation were made until all forms 
recovered were fully developed larvae or empty pupal cases. Simmer 
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pupation began in late July and ended as late as mid-September. On the 
average, it began in early August and was completed by the end of August. 
Summer pupation was highest and lasted for a longer period in years with 
warmer temperatures in July and August. 
The amount of second-brood pupation was low in most years. It was 
highest in 1963 (54%) when July and August temperatures were warmest. In 
1964, when July temperatures were above normal and August temperatures 
below normal, pupation reached 46%. In 1965» temperatures were below 
normal throughout the season and pupation reached only 2%. In 1966, July 
and August temperatures were similar to those of 1964, but summer pupa­
tion reached only 8%. Temperatures during the 196? season were well below 
normal, and there was no pupation observed. The low rates of summer pupa­
tion were evidence that most of the first-brood borers went into diapause 
and, as will be discussed further, in most years those that survived made 
up the overwintering population. 
No summer emergence was observed during I965 when the temperatures 
were below normal throughout the season (Table 10). The I967 season was 
similar, and since there was no observed pupation that year, there was no 
emergence encountered. The warmest year was 1963 and 71% summer emergence 
was recorded. Temperatures were similar during the latter part of the 
season in 1964 and I966 and emergence reached 23% and 26% respectively. 
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Table 10. Pupation and moth emergence, Fargo, Cass County, North Dakota, 
1963-1967 
Brood Year Began 
Pupation 
Ended Days Began 
Emergence 
Ended Days 
First 1963 5/24 6/28 35 6/5 7/4 29 
1964 5/22 6/26 35 6/12 7/31 49 
1965 6/1 6/23 52 7/2 7/23 21 
1966 6/3 7/15 42 6/24 7/29 35 
1967 6/9 7/21 42 6/23 8/15 53 
Average 5/31 7/10 41 6/19 7/24 35 
Second 1963 7/30 8/28 29 8/5 8/29 24 
1964 8/7 9/4 28 8/19 9/27 39 
1965 8/13 9/13 21 None 
1966 8/5 8/26 21 8/19 9/9 21 
1967 None 
Average 8/6 8/31 25 8/13 9/12 28 
Moth flight 
The number of moths recovered weekly from a light trap at the North 
Dakota Agricultural Experiment Station at Fargo (Table 11) gave an indica­
tion of the duration and intensity of moth flight during the season. 
In general, first-brood moth flight appeared to be influenced by 
June and July temperatures. It began earlier in I963 and 1964 when tem­
peratures in June and July were near normal or above normal and later in 
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Table 11. Numbers of moths recovered from a light trap, first and second 
brood. North Dakota Agricultural Experiment Station, Fargo, 
1963-1967 
Year 
Brood Period 19^3 1955 19^5 1955 195? 
First June 1 - 7 5 
8 - 15 9 23 
16 - 23 14 21 
24 - 30 9 10 2 7 
July 1 - 7 0 3 1 44 38 
8 - 15 7 12 1 164 97 
16 - 23 5 2 17 86 79 
24 - 31 4 34 32 33 
Aug. 1 - 7 23 4 38 
8 - 15 5 3 
16 - 23 2 2 
24 - 31 9 
Sept. 1 - 7 2 . 
Second Aug. 8 - 15 74 
16 - 23 98 2 3 
24 - 31 108 0 20 
Sept. i - 7 3i 33 
8 - 15 33 16 1 
16 - 23 10 0 
24 - 31 0 2 
Oct. 1 - 7 2 3 
First brood Began 6/5 6/12 7/2 6/24 6/28 
Ended 7/19 6/31 8/20 8/5 9/1 
Second brood Began 8/9 8/21 None 8/22 None 
Ended 10/4 10/2 9/11 
1965 and 196? when temperatures were below normal throughout the season. 
In 1967, it began in late June and lasted into early September. Overall, 
the period of activity was shorter when June and July temperatures were 
warmer. There did not seem to be any particular relationship between 
first-brood moth flight and moisture, although the rainfall was well below 
normal throughout the 1967 season when the first-brood flight was the 
longest. The break in activity in early July of 1963 might have been due 
to windy conditions. Jarvis (I960) observed tJiat cool, windy conditions 
reduced moth flight. 
Overall, second-brood moth flight appeared to have been affected by 
the size of the first-brood larval population, and by temperatures in 
August through September. There was no flight in I965 and 1967» and first-
brood larval populations were low in those years (Table 6). Temperatures 
in those years were below normal throughout the season. It was mentioned 
previously that there was no summer pupation or emergence in I967 (Table 
10). The heaviest second-brood moth flight occurred in I963. The first-
brood larval population was the highest of any year (31,560 borers per 
acre), and the temperatures were above normal in August through October. 
As pointed out previously, pupation and emergence were also the highest in 
1963. 
Ovi posi tion 
First-brood oviposition was sampled by a weekly examination of 20 
plants in each of 20 fields. A similar sampling of second-brood oviposi­
tion was conducted, except that 10 plants were examined. This portion, and 
the remainder of the study, was conducted during I966 and I967. 
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Oviposition data are presented in Table 12. 
Table 12. Oviposition by corn borer moths, Cass County, North Dakota, 
1966-1967 
Brood Peri od 
Egg masses 
per 100 plants 
Frequency 
Egg masses 
per 100 plants 




1966 1967 1966 1967 
First June 
30 16.0 0 0 0 0 
1 - 25 - 45 
26 - 50 10 20 
iHlJL 
6.8 1 - 7 50.3 51 - 75 20 15 
76 - 100 35 15 
8 - 1 5  26.3 12.5 101 - 125 10 5 
126 - 150 15 0 
16 - 23 4.0 16.5 151 - 175 0 0 
176 - 200 10 0 
24 - 31 0 5.5 
Auai 
1 - 3 0 0.3 
Total 96.6 41.6 
Second 24 - 31 1.5 0 0 75 100 
0.5 - 25 25 0 
Sept. 
I — 8 2.0 0 
9 - 1 6  0.5 0 
Total 4.0 0 
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According to Jarvis (I960), the number of first-brood eggs deposited 
depended largely on the size of the overwintering borer population and 
weather conditions during June. In general, oviposition was reduced when 
July temperatures were below normal and/or rainfall was deficient. Data 
were insufficient here to attempt to correlate first-brood oviposition 
with overwintering populations. 
The moth flight was heavier in 1)66 than in 1967 (Table 11). Most 
first-brood oviposition occurred in July in both years. July temperatures 
were much warmer in 1966 than in 196? (Appendix Table 1), and oviposition 
was considerably heavier in 1966 than in 1967 (Table 12). In addition, 
July preci itation was greater in 1966 than in 1967 (Appendix Table 1). 
The number of egg masses in individual fields was highest in 1966 
when the total egg mass production was the highest (Table 12). In 1966, 
35% of the fields received 76-100 egg masses per 100 plants; whereas in 
1967, 45% received 1-25 per 100 plants. 
As shown in Table 12, second-brood oviposition was very light during 
1966 and did not occur during I967. Observations from 1963 through 1967 
revealed second-brood oviposition only in I963 and 1966. Jarvis (I960) 
reported that second-brood oviposition in Boone County, Iowa was influenced 
mostly by the number of moths present and by weather conditions in August. 
Oviposition there was reduced when mean August temperatures were above the 
normal and/or precipitation was deficient. Everett et (1958) found 
that second-brood oviposition in Boone County, Iowa was inversely propor­
tional to mean August temperatures. When second-brood oviposition was 
observed in Cass County, North Dakota, it occurred in years when August 
precipitation was normal or above normal (Appendix Table 1). There was no 
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apparent relationship between August temperatures and second-brood ovi-
position. August temperatures in I967 were below normal in both 1966 and 
1967. The frequency distribution for second-brood egg masses (Table 12) 
shows that most of the fields received no egg masses in 1966. Twenty-five 
per cent received 0.5-25 masses per 100 plants. No second-brood eggs were 
observed in I967. From the above data, it is reasonable to assume that in 
most years, larvae from second-brood eggs contributed little, if any, to 
overwintering corn borer populations in Cass County, North Dakota. 
From data collected over many years by other workers, it has been 
shown that plant height provides the best means of determining ovi position 
in a corn field. It has also been shown that plant height is in turn 
affected by such things as soil fertility, rainfall, temperature, variety, 
and planting date. Myers et al. (1937) reported that the highest correla­
tion between plant height and number of eggs laid was obtained at mid-
oviposition. Regression equations relating the number of eggs per plant 
to plant height at mid-ovi position were computed for 1966 and 1967 (Figure 
8) and values of r^ x 100 estimate the per cent of the variation in the 
number of eggs per plant (dependent variable) that was due to plant height 
(independent variable). 
Fields with the greatest mean corn height at mid-oviposition received 
the most eggs in both years (1966 and 1967). The relationship in 1966 was 
linear for the sample data and the coefficient for X was positive. In 
1967 the relationship was curvilinear and was represented by a parabola of 
the type Y = a + bX + cX . The coefficient for X was negative and the co­
efficient for X^ was positive. The coefficient for X^ was non-significant, 
and if the shorter plants for I367 were disregarded (Figure 8), the 
Figure 8. Relationship of eggs per plant to plant height at 
mid-oviposition, first brood, Cass County, North 
Dakota, 1966 and I967 
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-25.3790 + .8780X 40 
t of b = 10.5750, significant at .01 






r Y.= 6.09 - .4628X + .0127X' 
t of b = 25.722, significant at .01 
t of c = .700, non-significant 
17 degrees of freedom 
20 
20 
1967 Average plant height (inches) 
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relationship would have approached linearity and was similar to the 
relationship found in 1966. 
The relationship between egg deposition and plant height was also 
determined on the basis of a 1966-196? average. This was done by grouping 
the fields according to date of planting. The earliest date was assigned 
a value of one. Several factors affecting first-brood populations were 
averaged by date of planting, and are summarized in Appendix Table 6. 
The factors included coded planting date; average number of eggs, larvae 
and cavities per plant; per cent larval survival; and plant height at mid-
oviposition. Utilizing these data, regression analyses between first-
brood eggs per plant and plant height and between eggs per plant and 
planting date were computed (Figure 9). 
For the two years, plant height appears to have had much more effect 
on egg deposition than did planting date. There was a relationship in both 
cases, and both regression coefficients were significant at iJie .01 level. 
However, according to the values of r x 100, plant height accounted for 
73*7% more variation in oviposition Aan did date of planting. Jarvis 
(1560) reported that plant height accounted for 8.4% more variation in 
oviposition than did planting date over a 10-year period in Boone County, 
Iowa. 
Fate of eggs 
When egg masses were first found on the plants studied in each of the 
20 observation fields, they were marked and were examined on later visits. 
An attempt was made to determine the fate of eggs according to the follow­
ing categories: hatched, missing, eaten by predators or infertile. Fate 
Figure 9» Relationship of eggs per plant to plant height 
and planting date, averaged by coded planting 
date, 1966-1967 
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= - 12.6280 + .6233X 
• X 100 + 80.5% 
of b = 5.411, significant at .01 
20 
•» 
Average plant height per field at mid-oviposition 
Y,= 16.2880 - .3641X 




Day after first planting 
of first- and second-brood eggs is summarized in Table 13* 
Table 13» Fate of eggs, first and second brood, Cass County, North 
Dakota, 1966-1967 
Plants Total Fate - in per cent 
Brood Year checked eggs Hatched Missing Eaten Dried Infertile 
First 1966 400 6,977 80.1 13.3 3.2 3.0 0.4 
1967 400 3,496 68.4 20.7 5.5 4.8 0.6 
Average percent of total 74.25 17.00 4.35 3.90 0.50 
Second 1966 200 158 58.4 23.2 16.3 2.1 0 
1967 200 No second-brood oviposition 
Average percent of total 58.4 23.2 16.3 2.1 0 
The percentage of first-brood eggs in each class was quite similar for 
both years. In both years, most eggs hatched. It was impossible to 
determine the fate of missing eggs. Rainy and/or windy conditions during 
the deposition period may have been a factor. High winds are common in 
the area. Some of the eggs classed as missing could have been eaten by 
predators. 
There was little second-brood oviposition.in 1966 and none in I967. 
It appears that little or no second-brood oviposition occurred in the area 
in most years (observations since 1962 yielded second-brood eggs in only 
1963 and 1966). A comparison of the fate of first- and second-brood eggs 
shows that the percentages for missing eggs and for eggs eaten by 
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predators were greater for the second brood. This does not agree with 
Jarvis (I960) who observed that the effect of rolling and unrolling leaves 
in response to weather conditions would be more pronounced during the 
first-brood oviposition period. Huber et al_. (1928) suggested that 
rolling and unrolling of leaves tends to loosen and dislodge egg masses. 
Stormy weather during the period of second-brood oviposition could have 
been a cause for the high percentage of missing egg masses during 1966 in 
Cass County. The higher percentage of prédation on second-brood eggs 
agrees with Jarvis (I960). He found that predator populations in corn 
fields were always larger during the period of second-brood oviposition. 
Prédation will be discussed further. 
First-brood infestation and larval survival 
First-brood infestation and larval survival were determined by dis­
section of plants 1 through 5 and 11 through 15 in all observation fields. 
This was done in early August prior to second-brood moth flight. Per 
cent survival was calculated by using the number of surviving larvae and 
the number of eggs from first-brood oviposition data. First-brood 
infestation and larval survival are given in Table 14. Table 15 shows the 
frequency distribution of first brood and fall cavities and larvae by 
fields. 
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Table 14. First-brood and fall infestations and larval survival, Cass 
County, North Dakota, 1966-1967 
Number Percent 
Cavities/ Larvae/ Infested Larval 
Year 100 plants 100 plants plants survival 
First brood (survival based on first-brood eggs) 
1966 177.0 213.5 74.5 12.2 
1967 103.5 133.5 48.0 14.3 
Fall (survival based on first- and second-brood eggs) 
1966 290.5 157.0 84.5 8.6 
1967 150.5 104.0 53.5 11.3 
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Table 15* Frequency distribution of first-brood and fall cavities and 
larvae, Cass County, North Dakota, 1966-196? 
Percent of fields in 
Cavities and 1966 1967 
larvae/100 plants First brood Fall First brood Fall 
Cavities : 
0 0 0 5 5 
1 - 50 10 0 45 30 
51 - 100 30 0 20 5 
101 - 150 20 10 10 30 
151 - 200 10 25 5 5 
201 - 250 5 10 5 10 
251 - 300 15 15 0 0 
301 - 350 5 15 5 0 
351 - 400 0 5 0 0 
401 - 450 0 15 0 5 
451 - 500 0 0 5 5 
501 - 550 0 0 0 5 
551 - 600 5 0 0 0 
601 - 650 0 0 0 0 
651 - 700 0 0 0 0 
701 - 750 0 5 0 0 
Larvae: 
0 0 0 5 5 
: - 50 5 10 25 35 
5 1 - 1 0 0  20 20 25 25 
101 - 150 15 25 15 20 
151 - 200 25 25 10 0 
201 - 250 5 10 5 0 
251 - 300 5 5 5 5 
301 - 350 15 0 5 5 
351 - 400 0 0 0 5 
401 - 450 0 0 0 0 
451 - 500 5 0 0 0 
501 - 550 0 5 5 0 
551 - 600 0 0 0 0 
601 - 650 5 0 0 0 
According to Jarvis (I960), the increase or decrease in the first-brood 
borer population over the size of the overwintering population is an indi­
cation of the vigor of the population and its response to weather condi­
tions. Tables 1, 3 and 4, and Figure 7 include information on the early-
spring (April) to summer (early August) changes in borer populations for 
1964 through 1967* The early-spring populations were similar in all 
years, but the changes were variable and seemed to be influenced by 
weather conditions which in turn influenced the intensity of first-brood 
ovi position. 
Increases from April to August were encountered in all years, indi­
cating generally viable populations. The largest increase occurred in 
1966, a year Which had relatively heavy oviposition, above-normal tempera­
tures, and above-normal rainfall in July. The increase in 1967 was lower 
than in 1966; July temperatures and rainfall in 1966 were both below nor­
mal, and oviposition was much lighter. Temperatures and rainfall were 
below normal throughout the season during I967. ' 
The April to early-August population change in 1965 was the lowest 
observed, and came in a year with below-normal temperatures throughout the 
season. Rainfall was above normal in July. Changes in 1964 and 1967 were 
similar, although July was considerably warmer in 1964. Moisture was 
deficient in July both of these years. Complete ovi position data was not 
obtained in 1964 and 1965. It appears that July temperatures had con­
siderable influence on the size of increase of the first-brood populations 
over the overwintering populations because of the influence of temperature 
on oviposi tion. 
It is known that the number of first-brood larvae and cavities and 
per cent of infested plants are generally influenced by the amount of egg 
deposition. This was true in Cass County in 1966 and I967. The highest 
numbers of larvae and cavities per 100 plants, and per cent of infested 
plants occurred during 1966 when oviposition was greatest (Table 14). 
Larval survival was similar in both I966 and I967. When compared to 
figures from Jarvis (I960), the survival for these years in Cass County 
was relatively high. A high rate of survival results in heavier plant 
damage, and an increased potential for a larger second brood. The fac­
tors influencing first-brood larval survival were not determined. 
The number of first-brood cavities and larvae by field varied con­
siderably in both 1966 and 1967 (Table 15). During I966, the largest 
percentage of fields had 51-100 cavities per 100 plants, and 151-200 
larvae per 100 plants. In 1967» the largest percentage of the fields had 
1-50 cavities and 1-100 larvae. There were more fields with higher num­
bers of cavities and larvae in 1966 than in I967. Temperatures and mois­
ture conditions were generally more favorable during the period of first-
brood development in I966. This made for a larger first-brood infestation 
in 1966 (Table 14). 
Borer infestations in the study fields were measured by several 
indices. First-brood larvae and cavities per plant as related to first-
brood eggs per plant, plant height, and date of planting were used to 
measure the first-brood infestation. Percent of larval survival was also 
used as an index, and was related to eggs per plant. The two-year aver­
ages (based on coded planting dates) for the indices are sumnarized in 
Appendix Table 6. Regression lines, values for r^ x 100 and "t" tests of 
the regression coefficients were computed for the various relationships 
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and are presented in Figures 10 through 16. 
When larvae were used as the dependent variable, the amount of varia­
tion in the dependent variable due to variation in the independent 
variable (r^ x 100) was usually slightly larger than when cavities were 
used as the dependent variable. The r^ x 100 was greater in the case of 
regression of cavities on planting date than that found with larvae on 
planting date. However, the correlation coefficient between larvae and 
cavities was .998 with 18® of freedom. This demonstrates that overall, 
the relationship between larvae and cavities was very close. The "t" 
values for the regression coefficients were significant in all cases, 
indicating a relationship between the dependent apd independent variables. 
The number of larvae per plant was directly correlated with eggs per 
plant and plant height at mid-oviposition. Date of planting had little, 
if any, influence on the number of larvae per plant. The equations and 
r^ X 100 values show that the tallest corn received the heaviest first-
brood infestations. All relationships were linear. Jarvis (I960) 
reported linear relationships except in the case of larvae on eggs. In 
that instance, the relationship was curvilinear, and indicated that 
increased numbers of eggs per plant beyond a certain point did not increase 
the number of surviving larvae. Figure 16 shows that there was only a 
slight decrease in per cent of first-brood larval survival as the number 
of eggs increased. The r x 100 values show that very little of the 
variation in larval survival at the time of first-brood and fall dissec­
tions was due to variation in oviposition. Jarvis (I960) found a drastic 
decrease in per cent larval survival as the number of eggs increased. 
Figure 10. Relationship of larvae per plant to first-brood 
eggs, averaged by coded planting date, 1966-1967 
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Y = .0888 + .13006 
X 100 = 68.7% 
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Figure 11. Relationship of first-brood larvae per plant to 
plant height, averaged by coded planting date, 
1966-1967 
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= - 2.0931 + .0878X 
X 100 = 61.0% 
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Figure 12. Relationship of first-brood larvae per plant to days after first planting, 
averaged by coded planting date, 1966-1967 
Y = 2.1983 - .0465X 
X 100 = 6.8% 
t of b - - 4.247, significant at .01 
•nJ 
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Day after first planting 
Figure 13. Relationship of first-brood cavities per plant 
to eggs per plant, averaged by coded planting 
date, 1966-1967 
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Y = .0824 + .1025X 
X 100 = 54.1% 
t of b = 4.243» significant at .01 
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Eggs per plant 
Figure 14. Relationship of first-brood cavities per plant 
to plant height, averaged by coded planting date, 
1966-1967 
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Y = - 1.7977 + .07290X 
X 100 = 57.4% 






Plant height at mi d-ovi position 
Figure 1 5 »  Relationship of first-brood cavities per plant to days after first planting, 
averaged by coded planting date, 1966-1967 
Y = 1.8819 - .04970X 
X 100 = 10.6% 
t of b = 4.244, significant at .01 
Day after first planting 
Figure 16. Relationship between per cent survival of larvae 
at time of summer and fall dissections and first-
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Relationship of first-brood oviposition and infestation to corn acreage 
The number of acres in each observation field was included in informa­
tion obtained from each farm operator at the beginning of the season. 
Data collected in each field also included information on first-brood 
oviposi tion and infestation (cavities and larvae), and the number of 
plants per acre. This information was used to obtain an estimate of the 
total amount of oviposition and infestation for all fields planted on a 
particular date. Planting dates were coded by the method already des­
cribed. Two-year (1966-1967) totals of the number of fields, total acre­
ages, and estimates of the total numbers of eggs, cavities, and larvae are 
presented in Table 16. Total eggs, cavities, and larvae are plotted 
against planting dates in Figures 17» 18, and 19. 
Investigators in the past have reported that the earliest planted 
corn receives the heaviest first-brood oviposition and infestation. 
Jarvis (I960) found that the highest total population does not occur in 
the earliest corn but in corn that is planted 6-10 days after the first 
planting date» He concluded that this was due to differences in corn 
acreages. This study demonstrated a relationship similar to that found 
by Jarvis (cf. Table 16, Figures 17, 18 and 19). 
Approximately 6l% of the total acreage was planted during the first 
10 days of the planting season. About 63% of the corn planting during the 
first 10 days occurred in the latter part of that period. Corn planted 
during the latter part of the usual planting period would be the most 
important source of second-brood moths when conditions favor summer pupa­
tion and moth development. There was very little second-brood pupation 
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and moth flight during 1966 and 1967 in Cass County. Later plantings of 
corn usually had lower total acreages and lighter infestations during 
those years. 
Relation of fal 1 infestation to corn acreage 
The fall infestation was related to acreage by coding planting dates 
in the same way that the first-brood infestation was related to acreage. 
The two-year totals for fields, acreages, and estimates of second-brood 
eggs, cavities, and larvae are shown in Table 16. Except for second-brood 
eggs, these figures are plotted against planting dates in Figures 20 and 
21.  
It can be seen in Tables 13 and 16 that second-brood oviposition was 
insignificant during the two-year period. Also, not much more than half 
of those eggs hatched (Table 13). There was evidence that many of the 
young larvae from the small number of second-brood eggs perished. There­
fore, second-brood larvae, contributed little, if any, to the fall infesta­
tion, It follows that the fall larval population was mainly surviving 
first-brood borers, and that most of the cavities encountered in the fall 
were made by first-brood borers. 
When the data for the fall infestation in Table 16 were plotted 
against coded planting dates, the resulting graphs (Figures 20 and 21) 
were generally quite similar to the graphs (Figures 17, l8 and 19) result­
ing from comparable first-brood data. The largest fall populations 
occurred in corn planted during the latter part of the planting period or 
6 to 10 days after the first planting date. As in the case of the first-
brood infestation, the highest populations generally followed the dates on 
Table 16. All fields with acreages and estimated total first- and second-brood eggs, total cavities 










Number of millions 
Second-brood eggs and 
fall dissection 
Number of millions 
Acres Eggs Cavi ti es Larvae Eggs Cavi ties Larvae 
1 1 40 1.63 0.24 0.29 0 0.38 0.43 
2 1 38 17.78 1.73 2.27 0 2.92 0.94 
3 1 35 8.93 0.32 0.63 0 3.32 0.68 
k 4 70 7.15 0.47 1.32 0.17 1.36 0.49 
5 1 37 11.19 1.72 1.95 0 4.26 3.02 
6 1 55 15.47 0.91 0.99 0 1.72 0.25 
7 1 40 10.14 1.72 1.82 0 2.70 1.98 
8 5 85 34.42 4.85 5.40 0.25 6.32 4.62 
9 1 80 4.42 0.38 0.58 0 0.39 0.29 
10 9 364 104.74 7.66 9.74 0.83 14.17 7.30 
11 1 24 2.59 0.53 0.53 0 0.55 0.39 
12 2 52 7.82 0.84 0.91 0 0.95 0.28 
13 1 34 0.90 0.10 0.19 0 0.22 0.18 
14 2 70 2.67 0.15 0.21 0 0.29 0.23 
15 2 89 13.65 3.72 6.63 0 5.72 3.02 
16 1 10 0.94 0.10 0.12 0 0.17 0.13 
17 2 67 1.00 0.68 1.53 0.82 1.75 0.92 
18 2 95 16.16 1.17 1.86 2.81 2.84 1.57 
19 1 80 19.32 0.69 1.44 0 1.02 1.92 
20 1 20 1.08 0.04 0.08 0 0.06 0.05 
Figure 17» Estimated total number of first-brood eggs plotted 
against coded planting dates, Cass County, North 




















Figure 18. Estimated total number of first-brood cavities 
plotted against coded planting dates, Cass County, 
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Figure 19. Estimated total nlimber of first-brood larvae plotted 
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Figure 20. Estimated total number of cavities, fall dissection, 
plotted against coded planting dates, Cass County, 
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Figure 21. Estimated total number of larvae, fall dissection, 
plotted against coded planting dates, Cass County, 




10 15 20 
Days after first planting 
which most of the corn was planted. Some of the plantings were heavily 
infested, but actual populations were low because of the lesser amount of 
late-planted corn. This relationship was also similar to that found with 
the first-brood infestation. In general, the relationships of both first-
brood and fall infestations to corn acreages were quite similar. 
Fal1 infestation 
Ten observation plants in each field which had been used for observ­
ing second-brood oviposition were dissected in the fall to ascertain the 
fall infestation. The results are summarized in Table 14. Frequency 
distributions of cavities and larvae at the time of the fall dissection 
are included in Table 15. 
As concluded by other workers, one of the measures of the viability 
of a borer population is the increase or decrease in the fall population 
over first-brood and overwintering populations. Changes from April to 
early August (overwintering to first brood) have been discussed previously. 
Tables 6, 8 and 9 and Figure 7 show that in all years but 1964, there were 
increases from summer to fall. However, the changes were all relatively 
small. This is additional evidence that in most years, corn borer popu­
lations remained quite stable from summer to fall. Fall populations were 
made up almost entirely of first-brood larvae which went into diapause. 
The lack of second-brood oviposition in most years adds support to that 
conclusion. The frequency distributions in Table 15 indicate that most 
fields had 1-150 cavities and larvae per 100 plants. 
There is circumstantial evidence that, if conditions are right, some 
second-brood borers might develop to the point where they could survive 
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and contribute to the fall and overwintering populations. In 1963a tem­
peratures were generally above normal during the early part of the season, 
fell to near normal during August, and went well above normal during 
September and October. Moisture generally slightly below normal prevailed 
throughout the season. Though records are incomplete for 1963» there was 
a relatively heavy moth flight during August which peaked on August 31 and 
ended on October 4. Eggs were present in fields, but no records on num­
bers were kept that year. However, when temperature is considered, it is 
entirely possible that some young larvae would have had time to complete 
development. Further support for the idea that second-brood individuals 
contributed to the fall population during 1963 is found in the increase 
from 193 borers per 100 plants in the late July to 333 in mid-October. If 
Table 6 and Figure are consulted, it can be readily seen that this change 
was considerably higher than any during the census study from 1964 through 
1967. The above counts were based on data from 12 fields in Cass County. 
First-brood eggs per plant, larvae per plant at the time of first-
brood and fall dissections, and survival at the time of summer and fall 
dissections during 1966 and 196? are averaged by coded planting date in 
Appendix Table 7. Suiraner and fall populations and per cent survival from 
f i rst-brood eggs to the t ime of summer and fal l  dissect ions during I966 
and 1967 were compared in Table 14. In both years, borer counts and sur­
vival dropped by the time of the fall dissection, students' "t" tests 
between summer and fall populations, and between summer and fall survival 
from first-brood eggs were non-significant (Table 17). 
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Table 17> Comparisons of summer and fall borer populations and per cent 
survival from first-brood eggs to time of summer and fall 
dissection, 38 degrees of freedom for. "t" tests, Cass County, 

























0.693 ns 13.9 
11.9 
0.826 ns 
^ns = non significant 
This is additional evidence that populations did not change significantly 
from summer to fall during either 1966 or I967. Similarities of per cent 
survival in the summer and fall of I966 and 1967 from first-brood eggs per 
plant also support this conclusion (Figure 16). The lack of a significant 
number of second-brood eggs and larvae was mostly responsible. It should 
be mentioned that larval survival (Table 14) in Cass County during 1966 
and 1967 was considerably higher tiian that found by Jarvis (I960). This 
demonstrates the viability of the populations. However, available data 
preclude any explanation of this at this time. 
102 
Reliability of the sampling procedure 
The sampling procedure used in the study of the seasonal development 
of the borer was that of repeated subsampling, or nested or hierarchal 
sampling used by Jarvis (I960) and others in Boone County, Iowa. Availa­
ble time and resources allowed one visit per week to each of 20 fields in 
Cass County, North Dakota during 1966 and 196?. As described previously, 
two sampling sites witiiin each field and five plants within each site were 
utilized. 
Analyses of variance for first-brood and fall larvae are presented in 
Table 18. The analyses were computed on the basis of individual plants. 
Formulae given by Bancroft and Brindley (1958) were used to find the vari­
ance of the means and 95% confidence intervals of the means. Means and 
confidence intervals are presented on the basis of 100 plants. 
The 95% confidence interval was used to measure the reliability of 
the sample means, and is interpreted to imply that if it is stated that 
the calculated confidence interval includes the true mean of the popula­
tion, the statement will be true 95% of the time. In general, the vari­
ance of the mean increased as the population mean increased. As a result, 
the width of the confidence interval increased. Variance and confidence 
intervals were similar in all cases. Although the confidence intervals 
for Cass County during 1966 and 1967 were wide, they would seem to be 
reasonably accurate because of the size of the populations. If the popu­
lations had been low, similar widths of the confidence intervals would 
have greatly reduced the value of the point estimates of the means. 
The width of a confidence interval becomes more critical as popula­
tions decrease. Although the once-weekly samplings employed in Cass 
Table 18. Analysis of variance, mean number of larvae per 100 plants, and 95 per cent confidence 
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131.5 0.088975 73.1 189.9 
Total 199 3.4574 100.0 108.5 0.081270 52.6 164.4 
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County gave a fairly accurate estimation of population means, it is 
probable that additional sampling would provide more adequate data in 
years of low populations. As mentioned previously, available time and 
resources dictated the use of only 20 fields during the Cass County study. 
In all cases, the largest amount of variation occurred between sites 
within fields. This differs from Jarvis (I960), who found that the 
greatest variation in corn borer population occurred between plants within 
sites. Variation among fields was the lowest in all analyses. This is 
evidence that in general, populations were rather evenly distributed among 
the fields, and that most of the variation occurred between the sites and 
among plants within the sites. The first-brood population of 1966 had 
the highest mean number of borers per 100 plants, and also the greatest 
amount of variation among fields. This demonstrates that the borer popu­
lation was not as evenly distributed among fields when the infestation was 
heavier. This is also seen in the frequency distribution of first-brood 
larvae for 1966 in Table 15. 
Parasi ti sm 
Parasites recovered from corn borer larvae collected in North Dakota 
during 1963-1969 are tabulated in Table 19. Sympiesis viridula (Thorns.} 
is an external parasite, and examinations were made in the field or in the 
laboratory after small forms of the parasite would have had time to develop. 
Pyraustomyia penitalis (Coq.) was reared from collections of borers incu­
bated in the laboratory. 
The exotic parasite viridula was not released in North Dakota, but 
found its way into the southeastern corner of the state. It appears to be 
105 
Table 19« Parasites recovered from fall collected corn borer larvae. 
North Dakota, 1963-1969 
Per cent borers with 
Larvae Sympiesis Pyraustomyia 
Year County examined® viridula peni talis 
1963 Cass 53 1.9 0 
1964 Cass 358 3 .4 0 
Ransom 106 3.8 0 
Richland 155 3.2 0 
Sargent 100 0 0 
1965 Cass 200 3.0 0 
Ransom 50 2.0 0 
Ri chland 250 0.8 0 
Sargent 100 0 0 
1966 Cass 315 2.5 0 
Ransom 24 0 0 
Richland 17 0 5.9 
Sargent 25 0 0 
1967 Cass 50 10.0 0 
Ransom 50 2.0 2.0 
Richland 50 0 0 
Sargent 50 0 0 
1968 Cass 50 6.0 0 
Ransom 50 0 0 
Richland 50 12.0 0 
Sargent 400 1 .8 0 
1969 Cass 150 4.0 0 
Ransom 100 0 0 
Richland 100 4.0 0 
Sargent 100 1.0 0 
Traill 185 2.7 0 
®Some of the determinations were made at the Corn Borer Investiga­
tions Laboratory, Ankeny, Iowa. 
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established, at least on a maintenance basis. The parasite has had some 
effect on the population of borers during the period, especially in Cass 
County during 196? and 1968 and in Richland County during 1968. The 
parasite extended its distribution westward during 1968 when it was 
recorded for the first time from Sargent County (Table 19). It was found 
in Traill County during 1969, and thus extended its northern distribution 
limit. This is evidence that the parasite may be gradually extending its 
range to the west and the north. It is interesting to note that 
vi ridul a was found mostly on borers from the upper one-third of the plant. 
However, the significance of this is not clear. 
The native internal parasite P^. penitalis was found in only two lar­
vae during the seven-year period. It is doubtful if that parasite had 
any impact upon the borer population. 
Prédation 
Invertebrate prédation 
Results of the study on prédation of Hie corn borer by other insects 
during 1964 through 1967 at Fargo are shown in Table 20. The intensity of 
prédation was determined by the index described in the procedure. The 
results summarize the entire growing season, and thus describe total pré­
dation. 
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Table 20. Invertebrate prédation on the corn borer, Fargo, North Dakota, 
1964-1967 
Intensi ty t 
Year i ndex valued 
1964 78.9 2.935 
1965 64.0 3.250 
1966 83.0 3.767 
1967 72.0 2.804 
^Significant at the .05 level. 
The indices of prédation varied considerably from year to year. However, 
if the procedure is assumed to be valid, invertebrate prédation was highly 
effective in reducing borer populations during all of the years. The "t" 
tests are also evidence that prédation was a factor in reducing borer 
populations. Sparks et (1966b) cautioned that prédation cannot always 
be depended upon to significantly influence a borer population. It is 
interesting to note that reductions of borers from first-brood eggs per 
100 plants to larvae per 100 plants in the fall in the Fargc field used in 
the study of seasonal development were 85.8% and 96% for 1966 and 1967 
respectively. The intensity of prédation index (Table 20) was 83 during 
1966 and 72 during I967. This is evidence that prédation accounted for a 
considerable amount of the population reduction during those seasons. 
During visits to the fields used in the study on seasonal development 
an attempt was made to count the functional stages of the common predaceous 
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insects. These are summarized in Table 21. 
Table 21. Average number of predaceous insects per 100 plants, functional 
stages, Cass County, North Dakota, 1966-196? 
Year Time of Coccinel1idae Chrysopidae Orius Others® 
1966 First brood 429 71 6 9 
Second brood 237 21 lOB 1 
1967 First brood 155 38 18 6 
Second brood Sk 11 63 3 
^Included Nabidae, Syrphidae, and 61ischrochilus quadrisignatus (Say). 
Lady bird beetles were the most numerous predators throughout the 
season. They were most abundant during the early part of the season. The 
most common Coccinellids were Hippodamia tredecimpunctata tibialis (Say), 
H^. convergens (Guer.) and Adalia bipunctata (L.). Hanvik (1968) reported 
that H_. t redecimpunctata was the most abundant during I967. 
The species of Chrysopa observed were C^. plorabunda and C^. oculata. 
The former was the more common. The Chrysopa populations showed less 
variation from I966 to I967. As with the Coccinel 1 ids, they were more 
abundant during the time of first-brood development. 
Orius insidiosus (Say) populations were low during the time of first-
brood in both 1966 and I967. There was considerable increase during the 
latter part of the season. As were the Coccinellids and Chrysopids, Orius 
was more abundant in I966 than in 1967. Other workers have found that 
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there is considerable variation from year to year in the number of 
predators present. 
Predators accounted for considerable mortality of the corn borer 
during the years 1964 through 1967 at Fargo. However, Hanvik (1968) con­
cluded that there was little, if any, effect on the borer population at 
Fargo by predaceous insects in 1967» During 1967, the occurrence of 
functional stages of the predators were generally not well synchronized 
with the vulnerable stages of the borer. Le Roux et al_. (1963) reported 
that invertebrate predators were an important mortality factor during the 
egg stage of one-generation populations in (Quebec. Again, it should be 
pointed out that the results described above and those of other workers 
have shown that considerable variation in the effect of entomophagous in­
sects on borer populations may occur from year to year. 
Avian prédation 
Stoltenow (1968) at Fargo, found that birds reduced the overwintering 
corn borer population during the fall, winter and spring. The most impor­
tant avian predators were the downy woodpecker and the hairy woodpecker. 
A test conducted by the author at Northwood, North Dakota during the 
inactive borer season of 1968-1969 showed some relationship between reduc­
tion in borer numbers and bird feeding. Twelve 16' by 25' plots of sweet 
corn were left in a field over the fall and winter. There was a shelter-
belt near the field. Six of the plots were caged with 1" wire chicken 
fencing. The cages were 4' high, and proved to be adequate for excluding 
the down woodpecker, which was the principal avian predator in the area. 
n o  
There were five rows of corn per plot. The plots were sampled in the fall 
before fencing, and in the spring before farming operations began. Ten 
plants in each plot were examined for evidence of woodpeckers (typical 
holes in the stalks) and dissected for borer larvae. Results are sum­
marized in Table 22 and Figure 22. 
Table 22. Summary of bird prédation on corn borer larvae at Northwood, 
North Dakota, inactive borer season, I968-I969 
Caged Uncaged 
Per cent decrease in borer numbers, fall to 
spring 
Multiple change (increase) in number of bird 
peck holes, fall to spring 
"t" value of difference in per cent decrease in 
number of borer larvae from fall to spring, 
caged vs. uncaged 
"t" value of difference in number of bird peck 
holes in cornstalks from fall to spring, 
caged vs. uncaged 
® = non-significant 
b = significant at the .05 level 
There was a reduction in the number of borer larvae from the fall of 1968 
to the spring of 1969. It is likely that some of me reduction was due to 
bird prédation. There was a 87.03% reduction in the uncaged plots as 
against 35.73% in the caged plots. Since there was a reduction (35.73%) 





Figure 22. Relationship of the number of bird peck holes in 
the spring to the number of corn borer larvae in 
the fall, Northwood, North Dakota, winter of 1968-1969, 
original data transformed by the square root of X or 
Y + .5 
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Y = - 1.164 + I.278X 
X 100 = 54.3% 
_ t of b = 2.278 non-significant 
1 2 3 4  
Number of fal1 borers 
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prédation which brought about a change in the population from fall to 
spring. The multiple change of 11.06 (approximately 11-fold) in the num­
ber of bird holes in the uncaged plots from fall to spring compared to a 
change of 1.94 (approximately 2-fold) in the caged plots indicates that 
birds worked in the corn sometime during the fall, winter, or spring of 
I968-I969. Procedures used did not provide for determination of when most 
of the bird activity occurred during the period. 
The "t" value for the difference in numbers of bird peck holes 
between caged and uncaged plots was significant at the 95% level. This is 
evidence that 95% of the time significant bird activity in corn fields 
during the inactive season of the borer could be expected. According to 
Stoltenow (I968), the location of a field is one of the factors which 
influences the amount of bird activity in corn during the fall, winter 
and spring. He found that there was more activity in a field that was 
near trees. The "t" value for the difference in per cent decrease in 
numbers of borer larvae from fall to spring between caged and uncaged 
plots was non-significant at the 95% level. However, it approached sig­
nificance at that level, and was larger than the tabular T at the 30% 
level. Therefore, bird feeding had some influence on the borer population 
during the 1968-1969 borer inactive season. 
The relationship between the fall borer populations and spring bird 
peck hole counts in cornstalks is shown in Figure 23. The estimated 
regression line shows a linear relationship, and fits the field data 
fairly well. As the borer counts increased, the bird hole counts 
increased. Deviations from the line were generally greater at higher 
counts for both borers and bird holes. The value for r^ x 100 indicates 
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that 54.3% of the variation in spring bird hole counts in cornstalks was 
accounted for by the size of the borer populations in the respective 
plots in the fall. The "t" value 2.278 computed for the regression coef­
ficient (b) was not significant at the 95% level. However, it was sig­
nificant at the 90% level, and there was a 90% chance that variation in 
borer counts contributed to variation in bird hole counts during the test. 
There was some relationship between the number of borer larvae and the 
amount of bird activity. However, more information is necessary before 
definite conclusions can be drawn. 
Incidence and rate of Perezia pyraustae infection 
From 1964 through 1968, mature corn borer larvae were collected 
every fall from 13 locations in various sections of North Dakota. Loca­
tions differed somewhat from year to year, and are shown in Figure 6. In 
1969 larvae were collected from two additional locations (Carson and 
Napoleon). Each year the larvae were examined to determine incidence and 
rate of infection by Perezia pyraustae Pail lot, a protozoan infection of 
the borers Infection rates, or intensity of infection, were determined 
by the method described by Raun et al_. (I960). Incidence, infection rate, 
and number of larvae examined from Ae several locations are presented 
in Table 23. 
There was mudi variation in the incidence of and rate of infection in 
corn borer larvae from year to year and from location to location (Table 
23). Reasons for this have not been elucidated as yet. However, the data 
show that the southeastern part of the state generally had the highest 
incidence and infection. Two obvious exceptions to this occurred in 1969» 
Table 23. Incidence, rate of infection, and number of corn borer larvae examined for Perezia 
pyraustae spores, North Dakota, 1964-1969 
Per cent incidence Spores/infected larva (x 10^) 
Location IW* 193$ 19^5 \Wi 19^5 1959 JWi 19?5 T9^ T9S7 Ï9SB 1939 
Fargo 62 42 100 37 60 80 27.4 2.2 51.8 1. 50.2 105.0 
Lisbon 88 62 76 58 45 80 11.6 2.1 32.6 1.7 4.1 34.8 
Hankinson 80 46 44 42 35 70 33.6 2.4 40.9 3.4 5.6 1.5 
Format 82 60 48 52 50 50 12.6 5.2 35.9 5.2 1.4 1.2 
Jamestown 0 0 40 0 5 60 — " — w " — " " 16.3 — 0.9 43.5 
Bismarck 12 14 0 0 0 0 3.0 1.4 — — — — — — — — — — —  — —  —  
Napoleon — — - - — — — — — — 30 — — — — — — — — — — — — — — — — — — — — 3.0 
New England 0 0 0 0 - — — — — — — — — — — —  — — —  — — — — — — — — —  —  — —  
Oi cklnson — — — — — — — — 0 0 — — — — — — — — M — — — " — — " — — — " — " — 
Carson — — — — — - — •— — — 0 — — — — " " — ^  « M •• 
Dunn Center 0 0 4 6 — *• — — — — — — — 1.6 1 .0 = —m» a# M H M •• 
Ki11 deer — " — — — — - — 0 0 — —— •> — — — " — — — — — — — — — " — — 
Burlington M — " - 8 12 0 0 — — — —— — 1.4 1.4 — — "a — " —— "" 
Max 14 0 — — — mt '• — — — 2.0 ra « w — — " — — — — — 
Rugby - - — 11 0 0 100 ---- 1.5 ---- - - - - 41.5 
Bottineau 0 0 — — — — M — — — M M M M m m *  —  M « • M m m 
Mayvi1 le 0 8 48 4 15 90 — — — — 1.9 24.8 0.8 14.5 24.0 
Walhalla •ft — - - 12 11 10 80 — — " — M W M M 6.0 0.9 3.2 161.6 
Cavalier 32 6 m *- — — — — — — 1.4 trace — — — — — — — — — — — — — " 
Leeds 36 0 4 m — — — •" — 1.3 — — — — 6.4 — — — — • • M M M  — — — -
Devi 1 s Lake -- -- 0 0 30 ---- - - - — -- - - 0.5 
Number of larvae examined from each 
location 100 100 100 50 10 10 
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Rugby, which usually had very little or no incidence in prior years, had 
100% in 1969» Both rate of infection and incidence in the Cavalier-
W a l h a l l a  a r e a  h a s  b e e n  g e n e r a l l y  l o w ,  b u t  i n  1 9 ^ 9  t h e r e  w e r e  I 6 I . 6  
million spores per larva and an incidence of 80%. 
The microsporidian was not encountered in borers from Carson, 
Dickinson, or New England. All of these locations are in the southwestern 
part of the state. This is additional evidence that there is a general 
trend from high incidence and rate of infection in the southeast to lit­
tle if any infection in the southwest. Other areas were intermediate. It 
is feasible that a similar pattern was followed by the borer in its spread 
over the state. 
Effect of Perezi a on fi rst-brood pupati on 
Borer larvae from six locations with varying rates of Perezia infec­
tion (Table 23) were placed outside in cornstalks at Fargo during the 
winter and spring of 1968-1969. Thirty larvae from each location were 
utilized, and were examined periodically during the period. No differ­
ences in winter survival of borers from the various locations were encoun­
tered. However, there were some differences in pupation in the spring and 
in oviposition in the laboratory. The day of first pupation and the day 
of approximately 70% pupation for each location are shown in Figure 23. 
As mentioned previously, Perezi a has never been observed in borer 
larvae from the Dickinson area. It was assumed that this was true for the 
Dickinson borers included in the above test. It is clearly seen in Figure 
23 that there was some relationship between intensity of infection, and 
first pupation and length of the period from first pupation to 
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approximately 70% pupation. Larvae from Dickinson pupated six days ahead 
of larvae with Perezia infection from all locations except Forman. The 
period from first pupation to approximately 70% pupation was, on the 
average, much shorter for Dickinson borers. 
Although there were differences in infection rates among the other 
locations (an increase from Jamestown to Fargo) in Figure 23, there were 
no real differences among the beginning dates of pupation. The length of 
the period from first pupation to approximately 70% pupation was consid­
erably shorter for Hankinson and Lisbon than for Jamestown, Forman, and 
Fargo. No attempt will be made to explain that occurrence. When com­
pared to 1969, the fall infection rates were low at most locations in 
1968 (Table 23). It appears that the important result of the test was 
that larvae free of the protozoan began post-overwintering development 
considerably earlier than those infected with the protozoan. Although 
the above discussion is based upon one season's data, previous work has 
shown that the microsporidian affects development of the borer. Ziimiack 
et al. (1954) found that infected larvae developed at a slower rate, and 
had a lower survival percentage than uninfected larvae. 
The advanced development of the borers from Dickinson, when compared 
to borers from the other locations, also leads one to consider the possi­
bility that there may be another biotype of the corn borer in the south­
western section of North Dakota. The area has a somewhat different 
climate, and is separated from other sections of the state by the Missouri 
River (Figure 6). Further work should be done before firm conclusions 
can be made. 
Figure 23. Day of first pupation (bottom of vertical lines) and day 
of approximately 70 per cent pupation (top of vertical 
lines) by corn borer larvae from six locations with 
varying rates of Perezia infection, larvae overwintered 





























Effect of Perezi a on borer fecundity 
Pupae which developed from overwintering borers used in the pupation 
test were utilized to obtain moths for a study of oviposition in the 
laboratory. Because of the small number of females which resulted from 
the pupae, their eggs were used to rear another generation in the labora­
tory. generation moths were utilized for oviposition data. Egg pro­
duction by Fj generation females reared from borers collected at locations 
with varying rates of Perezia infection is given in Table 24. 
Table 24. Comparison of egg production by F| generation female corn borer 
moths reared in the laboratory from borers varying in rate of 










Di cki nson 14 18.92 378.4 0 
Fargo 17 10.88 216.0 169,850 
Jamestown 23 9.65 193.0 42,782,855 
Forman 20 9.45 189.0 52,923,277 
Hankinson 22 9.o3 182.6 291,102.754 
Lisbon 16 8.68 173.6 68,711,513 
^Assuming 20 eggs per mass. 
"Mature larvae from eggs produced by F] females. 
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There was some relationship between the nunter of spores per larva 
and fecundity (Table 24). With the exception of Hankinson, the number of 
eggs per female increased as Perezia infection decreased. The difference 
in fecundity was most pronounced when egg production by non-infected 
females (Dickinson) was, compared to that by infected females (all other 
locations). Differences among borers from locations with varying rates of 
infection were generally rather slight. Although the above results were 
obtained from one season's work, they were similar to those obtained by 
Zimmack and Brindley (1957) who reported that the microsporidian is 
transovarially transmitted, and that diseased moths lay fewer eggs than 
uninfected moths. 
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SUMMARY AND CONCLUSIONS 
A study of the biology and factors affecting populations of the 
European corn borer in North Dakota was conducted from 1964 throuçfi 
1969. Effects of weather conditions, agronomic practices, disease, para­
sites, and predators on the borer were evaluated. 
Development of the corn borer was influenced by temperature. Borer 
degree-days were reasonably reliable for predicting the appearance of the 
various developmental stages of the borer. 
During most years, there was one brood of the borer. Second-brood 
moths appeared in some years, but second-brood eggs were rare. If second-
brood larvae were present, the numbers were small and they failed to 
develop to the point required for overwintering. Heaviest populations 
occurred when temperatures and/or rainfall were above normal during July. 
Most fields utilized during the investigation were plowed in the fall 
or as soon as possible in the spring. That practice tended to reduce 
overwintering borer populations considerably. Populations in the spring 
were consistently low, and were of similar size for all years. 
Periods of emergence, pupation, moth flight, and oviposition were 
longer when weather was cool. Egg deposition was heavier when temperatures 
and/or rainfall were above normal during July. The amount of oviposition 
was influenced by plant height and date of planting, but the relationship 
was much stronger with plant height. The majority of the eggs hatched, 
although some were recorded as missing, eaten by predators, dried, or 
infertile. 
There was a direct correlation between first-brood infestation and 
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plant height at mid-oviposi tion. The summer and fall infestations were 
of similar size in all years. This was a result of a lack of a signifi­
cant second brood. Most first-brood larvae went into diapause, and in 
most years the fall infestation was made up entirely of first-brood lar­
vae. 
There was a trend for the earliest-planted corn to have the greatest 
populations on a per-plant basis. The greatest total populations were 
found on corn planted during the middle of the planting period. Most of 
the corn was planted during that period. Since there was only one brood 
of the borer during the years of the study, the effects of date of plant­
ing, plant height, corn acreage, and other factors on the first-brood 
infestation had considerable influence on the extent of the fall infesta­
tion. 
Incidence and rate of infection by the protozoan disease Perezia 
pyraustae Paillot in the corn borer were greatest in southeastern areas of 
the state. It was not recovered from borers from the Carson-Dickinson-
New England area in the southwest. There was evidence that the micro-
sporidian retarded field pupation in the spring, and reduced fecundity in 
the laboratory. 
The parasite, Sympiesis viridula (Thorns.), was the only parasite of 
the borer which appeared consistently. It was found only in the south­
eastern corner of the state. The incidence was low, but the parasite 
appeared to maintain itself. 
Coccinellids were the most abundant entomophagous insects observed. 
Chrysopids and Orius insidiosus (Say) were also comnon. Prédation influ­
enced borer populations considerably, but its effects varied in intensity 
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from year to year. 
Bird prédation reduced borer populations during the fall, winter, and 
spring of 1968-1969. There appeared to be some relationship between the 
amount of avian prédation and the size of the borer population. The downy 
woodpecker, Dendrocppos pubescens (Swainson), was the most common avian 
predator. 
Information obtained during the investigation helped delineate 
responses of the corn borer to various weather, agronomic, and biotic 
factors encountered in the area. The responses can be utilized for deter­
mining practical means to reduce damage to the corn crop by the borer. 
Areas worthy of future investigation were elucidated. 
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Table 1. Average monthly temperatures and total precipitation with 
temperatures from normal at Fargo, North Dakota, 1963-196? 
Year Month 
Temperature Preci pi tati on 
Average Departure Average Departure 
1963 Apr. 43.5 1.5 2.67 .95 
May 54.3 -1.1 2.61 .58 
June 68.8 4.0 1.69 -1.35 
July 73.6 2.2 .66 -2.25 
Aug. 60.3 .8 4.41 1.46 
Sept. 62.2 3.4 1.19 - .29 
Oct. 57.3 10.8 .23 - .88 
1964 Apr. 46.4 4.4 3.76 2.04 
May 61.1 5.7 .87 -1.16 
June 67.2 2.4 4.85 1.81 
July 74.0 2.6 
.77 -2.14 
Aug. 64.9 -4.6 2.85 - .10 
Sept. 55.4 -3'4 1.70 .22 
Oct. 45.2 -1.3 .10 -1.01 
1965 Apr. 4l .6 - .4 3.04 1.32 
May 54.4 -1.0 3.06 1.03 
June 63.9 - .9 3.10 .06 
July 68.5 -2.9 4.81 1.90 
Aug. 66.5 -1.4 2.55 - .40 
Sept. 48.5 -9.9 3.50 2.02 
Oct. 47.3 .8 .55 - .56 
1966 Apr. 34.2 -4.8 1.78 .06 
May 51.4 -4.0 1.27 - .76 
June 66.1 Î.3 2.91 - .13 
July 73.8 2.4 4.01 1.10 
Aug. 65.6 -4.0 3.80 .85 
Sept. 58.2 - .6 .54 - .94 
Oct. 44.0 -2.5 1.40 .29 
Table 1. (Continued) 
136 
Temperature Precipi tation 
Year Month Average Departure Average Departure 
Apr. 38.3 -3.7 4.14 2.42 
May 49.7 -5.7 1.00 -1.03 
June 62.6 -2.2 2.54 - » 50 
July 67.9 -3.5 .60 -2.31 
Aug. 67.7 -2.8 .41 -2.54 
Sept. 60.8 2.0 .31 -1.17 
Oct. 44.0 -2.5 1.06 - . 05 
Table 2. Borer degree-day accumulations at Fargo, 1963-1967 
Accumulati ons 
T953 YWi Ï955 Ï955 ÎW 
Apri 1 1 7.5 0 0 0 11.5 
15 26.5 13.5 0 0 11.5 
May 1 55.0 81.0 19.5 12.0 15.0 
15 124.0 98.5 126.5 28.0 16.5 
June 1 254.0 504.5 197.5 166.0 170.5 
15 379.5 691.0 396.0 504.0 344.5 
July 1 720.5 1031.0 641.0 633.0 557.5 
15 1020.5 1320.0 857.0 998.0 737.5 
Aug. 1 1456.0 1721.0 1208.5 1398.0 1114.0 
15 1778.0 1957.0 1512.0 1646.0 1353.5 
Sept. 1 2077.0 2181.0 1730.5 1888.0 1613.5 
15 2284.5 2308.5 1786.5 2088.0 1824.0 
Oct. 1 2447.5 2377.5 1788.5 2166.0 1960.5 
15 26O3.O 2403.5 1856.5 2204.0 1994.0 
Nov. 1 2701.0 2418.5 1956.5 2204.0 2003.5 
15 2701.0 2431.5 1958.0 2204.0 2003.5 
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Table 3» Planting methods and plant populations in 20 observation fields, 
Cass County, North Dakota, 1964-196? 
Per cent of fields 
1964 1965 1966 1967 Average 
Method 
Drilled 90 100 
Power checked 0 0 
Hill dropped 10 0 
Pi ants/acre 
10,000 5 5 
11,000 0 5 
12,000 0 10 
13,000 5 15 
14,000 10 25 
15,000 20 10 
16,000 0 0 
17,000 10 5 
18,000 5 10 
19,000 15 5 
20,000 10 10 
20,000 plus 20 0 
Average plants/ 
acre 17,000 14,800 
90 95 93.75 
5 0 1.25 
5 5 5.00 
0 0 2.50 
15 20 10.00 
15 15 10.00 
10 30 13.75 
10 15 15.00 
15 5 12.50 
25 0 6.25 
5 0 5.00 
0 5 5.00 
0 0 5.00 
5 5 7.50 
0 5 6.25 
14,250 13,800 14,963 
Table 4. Corn planting dates in 20 observation fields, Cass County, 
North Dakota, 1964-1967 
Planting Per cent of fields 
intervals 1964 1965 1966 1967 Average 
April 15-30 5 0 
May 1-10 0 0 
May 11-20 6O 45 
May 21-31 30 5 
June 1-10 0 40 
June 11-21 5 10 
0 5 . 2.50 
5 0 1.25 
40 25 42.50 
40 55 32.50 
15 10 16.25 
0 5 5.00 
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Table 5» Known corn hybrids and average sunmer borer counts for 1964 
through I967, 20 observation fields, Cass County, North Dakota 
Years Borers/ 
Hybrid grown 100 plants 
Agsco 38 2 59 
Agsco 88 1 7 
Agsco Sugarbusit 1 8 
Cargill $02 1 60 
Cargill 505 1 68 
Cargill 505 MF7 1 133 
Cargill HS50 4 81 
De Kalb 45 1 14 
Funks G-31A 1 82 
Funks G-35A 1 122 
Haapala 315 2 143 
Haapala 316 1 131 
Haapala 320 1 300 
Jacques 270 1 184 
Jacques 903 A 1 46 
Jacques ND 307 1 71 
Jacques Cow Salad 1 2 142 
Masters 19 1 180 
Masters H550 2 120 
Masters Silo 2 41 
Northrup King 75 1 129 
Northrup King 435 3 157 
Northrup King 447 1 18 
Northrup King 449 1 26 
Northrup King 477 2 161 
Northrup King 499 1 129 
Pfisters 240 1 73 
Pioneer 391 1 108 
Pioneer 3854 2 89 
Pioneer 3862 1 288 
Pride Silo 2 58 
PV Silage 1 192 
Silobred H57 1 53 
Trojan 88 1 95 
Trojan 93 1 214 
Trojan 96 1 138 





















First-brood infestation, larval survival, and plant height in inches at mid-oviposi tion, 
averaged by coded planting date, Cass County, North Dakota, 1966-1967 
Average number of Per cent 
Number EggsT Larvae/ Cavities/ larval Plant 


















































































First-brood eggs, larvae at time of summer and fall dissections, 
and summer and fall survival, averaged by coded planting date, 
Cass County, North Dakota, 1966-1967 
Average number of Per cent 
First-brood Larvae/plant survival 
eggs/plant Summer Fall Summer Fall 
3.4 0.5 0.9 14.7 26.5 
36.0 4.6 1.9 12.8 5.3 
17.0 1.0 1.1 5.9 6.5 
8.1 1.2 0.7 14.8 8.6 
18.9 3.3 5.1 17.5 36.9 
18.7 1.2 0.9 6.4 4.9 
19.5 3.5 3.8 17.9 19.5 
21.2 4.1 1.9 19.3 9.9 
4.6 0.6 0.3 13.0 6.5 
16.1 1.6 1.3 9.9 8.1 
9.8 2.0 0.8 20.4 8.2 
11.2 1.3 0.6 11.6 5.4 
1.9 0.4 0.4 21.0 21.0 
5.0 0.3 0.5 6.0 10.0 
11.2 3.5 1.7 31.0 15.2 
7.8 1.0 1.1 12.8 14.1 
8.7 1.4 1.2 16.0 13.8 
11.4 1.3 1.0 11.4 8.8 
16.1 1.2 1.6 7.5 9.9 
2.7 0.2 0.0 7.4 0.0 
